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(54) Rubber-erasable aqueous ink composition for writing material and writing materials using 
the same 



(57) A rubber-erasable aqueous ink for a writing ma- 
terial composition contains water, a water-soluble polar 
solvent, and a particulate adhesive cobred resin. The 
particulate adhesive colored resin contains a pigment 
and an adhesive resin which is adhesive on at least a 



part of a surface thereof. The particulate adhesive color- 
ed resin has a particle diameter distribution such that 
the amount of particles having a particle diameter of 
from 2 Jim to 20 ^m Is not less than 70% by weight of 
all the particles. 
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Description 

1. Field of the Invention 

s [0001] The present invention relates to a rubber-erasable aqueous ink for a writing material connposition and writing 
materials including same incorporat d th r in: More particularly, the pres nt invention r lates to a rubber-erasable 
aqueous ink for a writing material composition which gives onto paper writing that can be easily erased by an eras r 
but can be retained thereon even when normally rubbed with finger or paper. Even more particularly, the present 
inventbn relates to a rubber-erasable aqueous ink for a writing material composition which, when heated, exhibits a 

10 permanent fixability such that writing cannot be erased even when vigorously rubbed. 

. 2. Description of the Related Art 

[0002] iy/lany proposals have been heretofore made on ink compositions which provide writing that can be erased 
IS by an eraser. These ink compositbns can be roughly divided into two groups, i.e., oil ink including a colorant and a. 
vehicle containing a resin dissolved in an organic solvent as a main solvent and aqueous" ink including these compo- 
nents dissolved in water as a train solvent. Examples of the oil ink include rubber-erasable aqueous ink for a writing 
material compositions for ball point pen including a pigment, a specific organic solvent and an elastomer resin having 
rubber elasticity as disclosed in US Patents 4,389.499, 4,390.646 and 4,391.927. The foregoing ink composition in- 
20 eludes a resin having a high molecular weight and thus exhibits a high viscosity. In this arrangement, it is tried to preverit 
the pigment from penetrating deep into paper together with the solvent, making the writing formed by the pigment on 
paper erasable by an^raser However, the foregoing ink compositkDn can be practically erased by an eraser for a short 
period of time after writing but can be erased liess gradually with time. 

[0003] Another disadvantage of the foregoing oil ink composition is that since the solvent used is hardly volatile and 
25 thus is normally slow-drying after applied to paper, the ink composition which has just been applied, even when lightly 
rubbed with finger or hand, causes the undried portion to move to blank area (area around the writing), causing re- 
markable stain on paper as well as on finger or hand, even on clothing. 

[0004] On the other hand, many proposals have been recently rrade on rubber-erasable aqueous ink for a writing 
material composition including water as a nnain solvent. One of these proposals is a rubber-erasable ink composition 

30 including a pigment In an amount of from 1 to 50%, a resin having a film-forming temperature of not lower than 40*C 
in an amount of from 3 to 50%. an organic solvent in an amount of 0.5 to 50% and water in an amount of from 7 to 
60% based on the total weight of ink as disclosed in JP-A-4-332776. Since the foregoing ink composition includes a 
general-purpose pigment that can easily penetrate deep into paper, it can be fairty erased by an eraser. Further, since 
the resin cannot form a filnn at room temperature, the film (writing) can be poorly preserved. 

35 [0005] Another pipposal is an erasable ink composition including a water-insoluble polyrner-capsuled colorant ob- 
tained by subjecting at least one emulswn-polymerizable monomer including a colorant dissolved therein to polymer- 
ization under emulsion polymerization conditions as disclosed in US Patent 5,661.197. In this proposal, a capsuled 
colorant including a colorant incorporated in a water-insoluble polymer is pi-epared under emulsion polymerization 
conditkjns. The riBsulting capsuled colorant includes finely divided particles having a diameter of not nnore thari 1 ^m. 

40 As a result, when the ink composition is applied to paper, the finely divkJedcotorant partrc^ 

and are trapped by paper. Thus, the foregoing ink composition can be poorly erased by an eraser Further, the water- 
insoluble dye to be incorporated in the capsuled colorant Is liable to extracton in the aqueous vehicle with the wat^r- 
soluble polar solvent or surfactant in the aqueous vehicle. The dye thus extracted dyes the surface of paper to stn 
extent such that the trace orwriting can be left unerased even 

45 [0006] A further proposal Is an erasable ink haying a viscosity of from 5 to 35 mPa • s including a resin having a film- 
forming temperature of not higher than O'C and a glass transitiori tempefature of not higher than 0**C, a particulate; 
colored resin having a particle diameter of from 1 jim to 20 lum aind water as disclosed iri US Patent 5.621 ,021 . In an 
attempt to prevent the trace of the writing from being left unerased when mbbed, the foregoing erasable ink includes 
colored resiri particles having a great diameter which can less penetrate deep into paper. Nevertheless, the particulate 

so resin used has a particle diameter which is not so small enough and thus can easily penetrate deep into paper. Thus, 
the particulate colored resin exhibits an enhanced adhesivity to the surface of paper and to each other. Accordingly, 
' the foregoing erasable, ink differs greatly in rijbber-erasab^^ 

. ■ [QQQ7]--Further.-the.use6fithe.foregoirig,cori>/ent ion^^ 'or important dpciiment such : 

as official document which altows ho altefatbn and document containing date and amounfof money is l|mited~ . '--^ 
..' :ss- ■ • .■ " V' ' 

SUfy/IMAFiY OF THE INVENTION ■ 

[0008] Itisaribbjectof thepiresent'ihvenfipntop 
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tages of th for going erasabi ink compositions, that is, can not onty be fairly erased by an eraser but also be fairly 
retain d on peiper, 

[0009J As a result of the inventor's extensive studies of such ink composition, the inventors paid their attention to 
the fact that th use of finely divided particles having a particle diameter of not greater than about 1 ^m as at least on 
s of coloring el ment and bonding elem nt has an adverse effect on th rubber-erasability of the conventional ink com- 
positions. 

[001 0] Th foregoing particles concerning coloring element and bonding element can penetrate less deep into paper 
or can easily prevent themselves from penetrating deep into paper if they have a sufficient particle diameter Taking 
into account the normal distribution of the particles which have just been prepared, if the particles are distributed in a 

10 range of from 2 iim to 20 ^im, they can almost prevent themselves from penetrating deep into paper. These conditions 
must be applied both to coloring particles and bonding particles. In other words, even if the particle diameter of the 
coloring agent falls within the range of from 2 jim to 20 fim, when the particle diameter of the bonding particles falls 
within the range of from 0.1 urn to 1 jim as in general -purpose resin dispersion, the bonding particles penetrate deep 
into paper to strongly fix the coloring particles to the surface of paper from behind, making it impossible to obtain a 

IS good rubber-erasability. On the contrary, if the particulate coloring agent has a particle diameter of from 0,1 jim to 1 
^m. the cotoring agent itself penetrates deep into paper regardless of the particle diameter of the bonding particles, 
making it impossible to obtain a good rubber-erasability. It can therefore be presumed that all the conventional ink 
compositions are liable to penetration of particulate coloring agent and/or adhesive into paper and thus can attain 
neither good rubber-erasability nor high fretting resistance. It was thus found concerning the relationship between the 

20 penetration of particles into paper and the particle diameter that if the particles concerning coloring element and bonding 
element have a particle diameter of not less than about 2 iim, the penetration of particles into paper can be lessened 
or eliminated. The pcQ^ent Invention has thus been worked out. 

[0011] Further, an unprecedented knowledge was found that the incorporation of "heat-sensitive element' in a par- 
ticulate colored ink composition containing coloring agent particles and bonding particles or the iricoiporation of 'heat- 
hs sensitive element* having particles distributed in a particle diameter range of from 2 ^ to 20 |im In an ink composition 
containing partk:les having coloring properties and adhesive properties makes it possible to provide a writing that can 
be permanently fixed when subjected to heat treatment. The present inventkxi has thus been worked out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0012] In the accompanying drawings: 

Fig. 1 is an enlarged vertical section of writing formed by the rubber-erasable aqueous ink for a writing rmterial 
composition of the present invention including a particulate adhesive colored resin incprporated therein; 
35 Fig. 2 is ah enlarged vertical section of writing formed by the rubber-erasable aqueous ink for a writingmaterial 

cornpositksn of the present invention including a particulate colored resin and a particulate adhesive resin incor- 
porated therein; 

Fig. 3 is an enlarged vertk:al section of writing formed by the rubber-erasable aqueous ink for a writing material 
cbmposltton of the present inventk^n including a particulate thermoplastic colored resin and a particulate adhesive 

40 resin incorporated therein; 

Fig. 4 is an enlarged vertical sectkDn illustrating the writing of Fig. 3 which has been subjected to heat treatment; 
' Fig. 5 is an enlarged vertk:al section of writing formed by the rubber-erasable aqueous ink for a writing material 
compositwn of the present invention including a partieuiate adhesive cb^ 
resin incorjporated therein; and ; - : ■ 

45 Fig. 6 is an enlarged vertical sectk)n illustrating the writirig o 

: DETATLED DESCRIPTION OF THE INVENTION . 

[0013] The present inventran win be described in detail as follows. 
so [0014] According to the present invention, a mbber-erasable aqueous ink for a writing rnateriaicomp^^ 

a particulate adhesive colored resin, water and a water-soluble polar solvent. The particulate adhesive colored resiri 
is made of a pigment and an adhesive resin. At least a part of the surface of the pjartkrulate adhesive colored resin is 
ajJiesive. The particulate adhesive cotore d resiri has a particle diarheter distributbn such ihiat the amount of particles 
having a particlo^dianetei^^ 

55 preferable that a rubber-erasable aqueous irikfor a writing material cornppsition as defined above, ir^cludes apartipulate 
thernrioplast|c resin having a particle diameter distribution^ 

of from 2 Mfh to 20 ^m is not less than 70% by weigM s.^^;,;^' \ 

[0015] Further, according to th present inyentkxi, the rubber-erasable aqiieouis ink for a writing material cpmposition 
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including at least a particulate colored resin containing a pigment, a particulate adhesive r sin. water, and a water- 
soluble polar solvent, wherein th particulat colored r sin and particulate adhesiv resin each having a particle di- 
ameter^ distribution such that the amount of particles having a particle diameter of Irom 2 ^m to 20 ^m is not less than 
70% by weight of all th particles. Moreover, the rubber-erasable aqueous ink for a writing material composition as 

5 defined above, wherein the particulat colored resin is a particulate colored thermoplastic r sin. 

[0016] Furthermore, th rubber-erasabi aqueous ink includes a shear-thinning agent incorporated therein and ex- 
hibiting a viscosity of from 25 to 160 mPa -s (determined at 25*C by means of an EMD typ viscometer) and a shear- 
thinning index of from 0. 1 to 0.7 at 1 00 rpm. The present invention further provides a ballpoint pen. a marking pen and 
the like using this rubber-erasable aqueous ink. 

w [0017] In a first aspect of the present invention, a rubber-erasable aqueous ink for a writing material composition 
including a particulate adhesive colored resin incorporated therein, the paniculate adhesive colored resin having a 
particle diameter distribution such that the amount of particles having a particle diameter of from 2^m to 20 pin is not 
less than 70% by weight of all the particles. 

[0018] The particulate adhesive colored resin will be further describiBd hereinafter. 
IS [0019] In order to lessen or eliminate the penetration of particles (pigment and/or resin) into paper, the particulate 
adhesive colored resin includes particles containing both coloring element and bonding element having a particle di- 
ameter of from 2 pm to 20 ^im which exhibit adhesive properties to satisfy both requirements for good rubber-erasability 
and high fretting resistance (presewability of writing at ordinary times). 

[0020] A great feature of the foregoing rubber-erasable aqueous ink for a writing material composition is that the 
20 particulate adhesive colored resin used exhibits the following properties: 

(1) Extremely lo\ou)enetration into paper; and 

(2) Adhesive properties satisfying both good rubber-erasability and high fretting resistance. 

25 [0021] In other words, the use of such a particulate adhesive colored resin essentially makes it possible to eliminate 
the necessity of adding a resin or adhesive for providing adhesive properties. Further, the use of the particulate adhesive 
colored resin essentially makes it possible to eliminate the necessity of adding a cotoring agent for coloring. In other 
words, again, the foregoing particulate adhesive colored resin itself has two functions, i.e., bonding and coloring. 
[0022] Referring to the writing formed by the foregoing mbber-erasable aqueous ink for a writing material composi- 

30 tion. the inventors adduce as follows the reason why the writing thus formed exhibits both a good rubber-erasability 
and a high fretting resistance at the same time. In other words, when the writing formed by the ink composition of the 
present inventon is observed under microscope, the particulate adhesive colored resin 1 is. of course, observed present 
on the surface of paper 10. The most of the particles 1 are observed point-bonded to each other as shown in Fig. 1 . 
Further, the gap between the particles is occupied by the space. Accordingly, when rubbed with an eraser, the writing 

35 can be fairly erased because it is formed by aggregates of the adhesive colored resin particles 1. When normally 
rubbed, the writing cannot be peeled off up to a predetermined frictional force because it is bonded to paper by a 
predeterminedadhesbndevelopedbythebondingoftheparticulateadhesivecoloredresin 1 tothesurfaceof paper 10. 
[0023] Accordingly, the foregoing writing is similar to writing formed by pencil in characteristics an^ 
erased by an eraser. Further, the foregoing writing can withstand ordinary friction of sheets of paper or fretting by hand 

40 or finger during writing. The preservability or fretting resistance of writing at ordina^ times is almost equal to that of 
the writing formed by a pencil having a hardness of "HB" or "H". 

[0024] . The adhesive properties of the foregoing particulate adhesive colored resin are meant to indicate that the 
particulate nhaterial can be erased by an eraser but exhibits t^^ 

In other words, if the particulate adhesive cpjored resin exhibits too strong an adhesivity, it can be less erased by ah 
^5 eraser.br cannot be fairly erased unless njbbed by an eraser with a strong frictional force. On the contrary, if thie 
particulate adhesive cotored resin exhibits too weak an adhesivity. it can be easily peeled even when lightly rubbed. 
Accordingly, the adhesivity of the particulate adhesive colored resin needs to be adjusted such that a good rubber- 
erasability and a high fretting resistance can be attained at the same time. 

[0025] The foregoing adhesive properties are not determined by the glass transition point (Tg) of the adhesive resin 
/ so alone. In general, tie adhesive properties are detemnined by various factors. Examples of the main factors determining 
. the adhesive properties include ch^ractisristics of resin itself, such as crystallizability, fluidity, glass transition pointi 
^ molecular weight and crosslink density. Many such factors have compIk:ated participatipn in the determination of the ; 
T~ ""adhflsive-prooerties.-Forjexarnple.,stvr ene-butadien e rub^ having a glass transiikjn point of r 58**C exhibits 

no adhesKrity at room temperature auidii^^ 
'/'.:'^ss:-'^^ss transition point of - AS'C exhibits a strong adha|sivity at room temperature.- 'V 

: [0026] The foregoing particulate adhesive colored resin is not specifically limited in its preparation method so fair as 

the particulate colored resin containing a 

adhesive cplbreid resin can b obtained by a known technique for synthesis of resins. Examples of th(9 form of the 
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particulat adhesive cotored resin include a structur wherein the entire resin constituting th particulate colored resin 
is a homogeneous polym r composition having an adhesrvity, a structure compos d of a particulate colored resin th 
surtac of which is entir ly coated with a polymer composition having an adhesivily, and a structur composed of a 
particulate color d resin a part of th surface of which is formed by a polymer compositi n having a continuous or 

5 discontinuous adh sivily. 

[0027] The preparation f the foregoing particulat adhesive colored resin can be accomplished by suspension po- 
lymerization method, suspension potycondensation m thod, suspension addition reaction method, seed polymerization 
method, dispersion polymerization method or submerged drying method. In order to obtain the foregoing structur 
wherein the entire resin constituting the particulate colored resin is a homogeneous polymer composition having an 

TO adhesivity, suspension polymerization method or submerged solvent evaporation method can be mainly used. On the 
other hand, in order to obtain the staicture composed of a particulate colored resin a part or whole of the surface of 
which is formed by a polymer composition having a continuous or discontinuous adhesivity. suspension polymerization 
method, suspension polycondensation method, suspension addition reaction method, seed polymerization method, 
dispersion polymerization method and submerged solvent evaporation method can be used in proper combination, 

15 Alternatively, a secondary surface modification method can be used. 

[0028] As an index for providing the particulate adhesive colored resin with a proper adhesivity, it is preferred that 
the particulate adhesive colored resin thus obtained exhibit a glass transition point of lower than 40*^0. If the adhesive 
resin used exhibits a glass transition point of not lower than 40"C. the resulting writing exhibits a weak adhesivity at 
room temperature and thus cannot attain a desired fretting resistance. 

20 [0029] The polymenzation methixJ concerning the preparation of the particulate adhesive colored resin will be further 
described hereinafter. Suspension polymerization method is a method by emulsifying or dispersing a water-insolubte 
monomer or oligome^Jiaving a pigment dispersed therein in water as fine oil droplets in the presence of a dispersing 
agent, and then subjecting the emulsran or dispersion to polymerization under suspension polymerization conditions 
in the presence of a lipophilic initiator. In general, it is said that the size of particles obtained by the suspension polym- 

25 erization method ranges from scores of micrometer to several millimeters. By property selecting the kind of emulsifier, 
dispersion stabilizer and viscosity adjuster, a partk:ulate adhesive cobred resin having a particle diameter distribution 
of from 2 pm to 20 }xm desirable for the present invention can be synthesized. 

[0030] Suspension polycondensation method or suspension addition reaction method is a method which includes 
dispersing a pigment in a polycondensable or addition-reactive monomer or prepolymer. optionally in the presence of 

30 a solvent, emulsifying or dispersing the dispersion as fine oil droplets in the presence of a hydrophilic dispersing agent, 
and then subjecting the emulsbn or dispersion to polymerization by polycondensation reaction or addition reaction. 
Seed polymerization method is a method which includes allowing a previously synthesized particulate resin as a seed 
to absorb the same or different kind of a monomer for further polymerization so that the seed grows. In the present 
invention, seed polymerization method can be preferably used in the preparation of a particulate adhesive colored 

35 resin by secondary treatment 

[0031] Dispersion polymerization method is a method which includes polymerization of a monomer in a solvent which 
dissolves the monomer therein but doesnl dissolve a polymer therein in the presence of a dispersion stabilizer so that 
the potymerthus produced is precipitatedtoobtain particles. Similarly tothe seedpolymerization method, the dispersion 
polymerization method can be preferably used mainly in the preparatk)n of a particulate adhesive colored resin by 

40 secondary treatment 

[0032] The foregoing secondary treatment is a treatment whch includes modifying primary particles (including a 
pigment and a resin) obtained so that they are rendered adhesive regardless of whether or tt^^ 
[0033] Submerged solvent evaporation method is a method which includes subjecting a dispersion obtained by dis- 
persing a pigment in a polymer dissolved in a solvent to suspension emulsificatwn in water in the presence of a hy- 
45 drophilic dispersing agent, and then distilling the solvent off the emulsion under heating or reduced pressure to obtain 
a particulate polymer. Similarfy to the suspension polymerization method, the submerged solvent evaporatron method 
can be usedmainly in the synthesis of a particulate adhesive coiored resin having a homogeneous polymer compositkxi. 

[0034] A preferred polymerizatbn method for obteining the particulate adhesive cotored resin of 
50 is suspension polymerization method. 

[0035] The particle diameter of the particulate adhesive coloired resin will be further descfi^^ 
[0036] The particulate adhesive cotored resin to be incorporated in the mbber-erasable aqueous ink for a writing 
— -material composition,of_the.prese nt invention needs to have a particle diameter distribution such that the arriount of 
; . partbles hiaving a particle diameter of from 2iim to 2ppnrisliotless"than 70%~by weight of all the particles.prefera^^ 
55 : the amount of particles having aparticle diameter of from 2 ^m to 1 5 fim is not less than 80% by weight of all the particles. . 
[0037] The particle diameter and the rubber-erasability of the foregoing particulate adheisive colored resin are closely; 
related to each other. If the proportion of particles having aparticle diameter of less than 2fxm is too great the proportion , 
of partbles penetrating Into the gap between, paper fibers is remarkably great rnaidng it irinpossible to obtairi a good 



EP1 006 162 A1 



rubber-erasabilit/ On the contrary, if the proportion of particles having a particle diameter of greater than 2 \im is too 
great, the resulting writing can b easily peeled ff when rubbed with hand or finger, making it difficult to attain a 
satisfactory fretting resistanc . Furth r, th resulting ink can be hardly discharged from the outlet of various writing 
materials such as fiber pen, plastic pen. felt tip and ball tip. 

[0038] The particulate adhesive cotored resin obtained by the foregoing various polymerization method may be op- 
tionally subjected to dry classification or w t classification such as centrifugal sedimentation so that the particle diameter 
distribution thereof satisfies the foregoing requirements. 

[0039] The wet classification can be accomplished by subjecting the dispersion of th particulate material in a medium 
such as water to classification by centrifugal sedimentation or natural sedimentation method. The removal of coarse 
grains can be effectively accomplished by filtration through a filter paper, filter or the like. 

[0040] On the other hand, the dry classification can be accomplished by subjecting a dried particulate material to 
classification by means of a machine such as variable impactor, cycton, ctassiclon. turbo classifier and micron separator 
Classification may be repeated by a plurality of times to obtain a desired particle size distribution. The dry classification 
is used also in the classificatbn of toner for electrophotographic copy. 

[0041] The use of the foregoing classification methods singly or in combination makes it possible to obtain a partic- 
ulate material having a particle diameter distribution such that the amount of particles having a particle diameter of 
from 2 nm to 20jim is not less than 70% by weight of all the particles. Further, in order tocbtain a particulate material 
having a more uniform particle diameter, i.e.. particulate material including particles the diameter of which falls within 
a narrow range, the foregoing claissification may be repeated. Alternatively, a method may be used involving the ex- 
pansion of undesirable particle diameter range. 

[0042] However, since the foregoing particulate adhesive colored resin normally stays adhesive, it can be hardly 
subjected to dry classification in general. Therefore, the particles are preferably adjusted such that the amount of 
particles having a,particle diameter of from 2 jim to 20 ^m is not less than 70% by weight of all the particles as much 
as possible during its preparation. If classification is required, wet classification may be used. For example, filtration 
by a filter paper, filter or the like or centrifugal sedimentatbn is preferably used. 

[0043] The reactivis monomer to be used in the preparation of the particulate adhesive colored resin by radical po- 
lymerization such as suspension polymerization, seed polynnerization and dispersion polymerizatran will be further 
described hereinafter. 

[0044] As thereactive monomer to be used in the present invention there may be used a substantially water-insoluble 
or difficultly water-soluble reactive morK>m8r. 

[0045] Exarhples of radical-pofymerizable monofunctional monomer employable as such include acrylic acid esters 
such as ethyl acrylate. methyl acrylate. n-propyl acrylate, i-propyl acrylate. n-butyl acrylate. i-butyl acrylate. t-butyl 
acrylate, amyl acrylate, hexyl acrylate. 2-ethylhexyl acrylate, cyclohexyl acrylate. n-octy! aCrylale, nonyi acrylate, decyl 
acrylate. undecyl acrylate. lauryl acrylate. myristyl acrylate. cetyl acrylate, stearyl acrylate, 2-methoxyethyl acrylate. 
2-ethoxyethyl acrylate, benzyl acrylate. 2-hydroxyethyl acrylate and glycidyl acrylate. methacrylic acid esters such as 
methyl methacrylate, ethyl methacryiate, n-propyf methacrylate, i-propyl methacrylate. n-butyl methacrylate, i-butyl 
methacrylate. t-butyl methacrylate. amyl methacrylate. hexyl methacrylate. 2-ethylhexyl methacrylate. cyclohexyl meth- 
acrylate. n-octyl methacrylate, nonyl methacrylate, decyl methacrylate, undecyl methacrylate. lauryl methacrylate, myr- 
istyl methacrylate, cetyl methacrylate, stearyl methacrylate. 2-methoxyethyl methacrylate, 2-ethoxyethyl methacrylate, 
benzyl methacrylate. 2-hydroxyethyl metfiacrylate, and glycidyl methacrylate; aromatk: nwnomers such as styrene, a- 
methylstyrene. p-melhylstyrene. vinyltoluene, t-butylstyrene. chlorostyrene. vinylbenzyl chloride and vinyl pyridine; un- 
saturated nitriles such as acrylonitrile, and unsaturated esters of saturated carboxylic acid such as vinyl acetate. The 
prefixes n, i and t in the foregoing nrionomers indicate normal, 

[0046] TTiese monofunctional monomers nnay be used singly or in the form of proper mixture depending on the 
desired adhesivtty. A hydrophilic rnonomer such as acrylic acid and methacrylic acid may be optionally added in ah 
amount of not more than 5% by weight based on the total weight of monomers to provide the suspended particles with 
disjpersipn stability 

[0047] Examples of polyfunctranaJ nrKjnomer employable herisin include ethylerie glycol dimethacrylate. diethylene 
glycol dimethacrylate, neopentyl glycol dimethacrylate. trimethylol propane trimethacrylate. pentaerythritol tetrarrieth- 
acrylate, ethylene glycol diacrylate, diethylene glycol diacrylate. neoperityl glycol diacrylate. trimethylol propane tria- 
cryiate, pentaerythritol tetraacrylate, divinylbenzeno, triethyleno glycol divinyl ether, butadiene, and isoprene. 
[0048] In tfiei present invention, a monofunctional monomer atone rhay be subjected to polymerization free from 
polyfu^rictional monomer-ln practice.-however.-the.mofL ofunctional monom er is preferably used in combination with a 
bif unctional or polyfunctibnal monomer to enhance the pfiysical strength of Ifie^particulate adhesive colored resin^^ 

Tratto of polyf unctional monomer to monofunctional monorher is preferably from 2: 100 to 10 : 100. If the profjortion of 
the polyfunctional mdnonfier falls below 2. the resulting particulate material exhibits a reduced physical strength andl. 

: when rubbed with an eraser, can b destroyed to cause the pi^erit to be exposed, easily staining the surface of paper. 
On the contrary, if th proportion of the polyfuncttorial mortomer exceeds 10. the resulting particulate material tends 



1 
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to have a reduced adhesh/ity. making it impossible to obtain a desir d fretting r sistance. 

[0049] Further, the addition of the polyfunctional monomer also makes a great contribution to the stability of the 
particulate adhesive colored resin during preparation r in the ink composition. In other words, the adhesive colored 
resin particles can easily be aggregated to each other becaus they stay adhesive at room temperature and have a 
s relatively great particle diameter. In order to eliminate r lessen these difficulties, the polyfunctional monomer can be 
used in an amount defined above to provide the particulate material with an enhanced physical strength and hence an 
enhanced stability. 

[0050] Examples of the initiator to be used in the foregoing polymerization method include the following substantially 
water-insoluble or difficultly water-soluble compounds. The use of a water-soluble initiator causes emulsion polymer- 

10 ization reaction, resulting in the formation of fine particles having a diameter of not more than 1 |im. Thus, such a water- 
soluble initiator is not suitable for the preparation of the particulate adhesive cotored resin of the present invention. 
[0051] Examples of the initiator employable herein include organic peroxides siich as benzoyl peroxide, t-butyl ben- 
zoate. lauroyi peroxide, m-toluyl peroxide, t-butyl peroxypivalate, cumyl peroxy neodecanoate, octanoyl peroxide, de- 
canoyl peroxide and t-butyl peroxy isopropyl carbonate, azo compounds such as 2,2'-azobisisGbutyronitrile, 2,2'-azobis 

IS (2,4-dimethylvaleronitrile), 2,2*-azobispropionitrile, 2,2'-azobisvaleronitrile and 1 , V-azobis{cyclohexane-l -carboni- 
trile), and other ordinary free radical-generating compounds. 

[0052] The method for obtaining the particulate adhesive colored resin by suspension polycondensation or suspen- 
sion addition reaction will be further described hereinafter In the former method, a reactive monomer, oligomer or 
prepolymer can be used. As such a compound there may be used a resin selected from the group consisting of acrylk: 

20 resin, acryl polyol, epoxy resin, urethane resin, acrylurethane resin and silicone resin which becomes adhesive after 
reacted. In some detail, a pigment is dispersed in a solution containing the foregoing reactive resin. A crossliriking 
agent is further addec^to the dispersion as necessary. The dispersion is then emulsified in a dispersant containing a 
dispersing agent to a desired particle diameter. Thereafter, the reaction temperature is raised to accelerate the reaction. 
In this manner, the desired particulate adhesive colored resin can be obtained. 

25 [0053] Referrifig to the method for obtaining the particulate adhesive colored resin by submerged solvent evapora- 
tion, a pigment is uniformly dispersed in a solution of a polymer having an adhesivity in a water-insoluble solvent. The 
dispersion is then emulsified in a dispersant containing a hydrophilic dispersing agent to a desired particle diameter. 
Thereafter, the evaporation can be distilled off under heating or reduced pressure to obtain the desired particulate 
adhesive colored resin. If necessary, a crosslinking agent is added to the material before or after emulsification to 

30 modify the physical properties of the original polymer. The polymer to be used in the submerged solvent evaporation 
method is not specifically limited so far as it is adhesive. In practice, however, any of acrylic acid ester resins, acryl 
styrene copolymer resins, acrylic acid ester copolyrrier resins, methacrylk: acid ester resins, methacrylic acid ester 
copolymer resins, ethylenevinyl acetate resins, ethylene-acryl copolymer resins, vinyl acetate resins, polyester resins 
and alkyd resins may be used. 

3S [0054] The emulsification in the foregoing submerged solvent evaporation method may be accomplished by phase 
reversion method. 

[0055] Referring to the adjustment of the adhesivity of the particulate adhesive colored resin of the present invention, 
a resin having a desired viscosity can be obtained by (1) changing the kind of monomers having a latent adhesivity or 
mixing these miDnpmers to obtain a desired adhesive resin or (2) adjusting the amount of polyfunctional monomer 
40 (crosslinking monomer). In order to further adjust the adhesivity of the particulate adhesive colored resin, a tackifier 
such as rosin, rosin derivative, coumarone-indene resin, polyterpene resin, nonreactive phenol resin and petroleum 
hydrocarbon resin may be added. Alternatively, a plasticizer such as mineral oil. liquid potybutene, lanolin and dibasic 
acid ester, a pigment or an extender pigment may be properly added,' 

[0056] The particulate adhesive coksred resin may includes a pigment incorporated therein as a coloring means, 
43 This is because a dye is disadvantageous in that if used as a coloring agent, it moves from the particulate adhesive 
colored resin to paper, giving stain that cannot be erased even with an eraser. 

[0057] Referring to the method for cotoring the partrculate adhesive resin, the pigment is dispersed in a monomer, 
oligomer, prepolymer or polymer in the presence of a dispersing agent optkjnally with a solvent added thereto. There- 
after, various partkiulate adhesive cotored resins including a pigment incorporated therein are prepared according to 
so various reactk>n processes. The pigment may be uniformly dispersed in the particulate material or niay be unevenly 
localized in the partk:ulate material. 

[0058] Examples of the foregoing pigment include organic pigments such as azo pigment, anthraquinone pigment^ 
condensed pplyazo pigment, thioindigo pigment, metal complex pigment, phthalocyan^ 

perylene pigmeritTdioxazihepigment and quinacridone pi aniline : 

: ss black, ultramarine, chrome yellow pigment^ titanium oxide and inori oxide. These pigments may be properly used singly 
or in admixture as necessary. Further, as a special pigment there nr^ay be used a fluorescent 
pigment peari pigment, light-storing pigirierit, reversibly heat-decolorable pigmenti electrically-conductive pigment or . 
ttie fike. The foregoing pigments rray be subjected to surface treatment by a know^ 
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th disperstbility in th solution of monomer r th like. 

[0059] The foregoing particulate adhesive colored r sin is preferably incorporated in an amount of from 5 to 35% by 
weight based on the ink composition. If the amount of the particulate adhesive colored resin falls below 5% by weight, 
a good color density cannot be obtained. On the contrary, if th amount of the particulate adhesive colored resin 
5 exceeds 35% by weighty the proportion of solid content in the ink composition is raised, occasionally preventing smooth 
discharg of ink. Accordingly, the add d amount of the particulate adhesive colored r sin can be properly determined - 
within the above defined range depending on the desired color density or purpose of th particulate adhesiv colored 
resin its If. 

[0060] Two or more such particulate adhesive colored resins having different adhesivities. color tones, color densities 
10 and particle diameter distributions may be used in admixture as necessary. 

[0061] Further, the proportion of the pigment in the particulate adhesive colored resin Is preferably from 2 to 30% by 
weight. In particular, a particulate adhesive colored resin having a pigment homogeneously dispersed therein can be 
hardly adjusted particulariy in its particle diameter if the pigment content exceeds 30% by weight. On the contrary, if 
the pigment content falls below 2% by weight, a writing showing a good color density can be hardly obtained. For a 
15 heterogeneous particulate adhesive colored resin, too, the same conditions can be used during the preparation of 
primary particles. 

[0062] Further, the ink composition of the present invention may includes a nonadhesive particulate colored material 
having the same particle diameter distribution as the particulate adhesive colored resin for the purpose of giving com- 
plementary colors or adjusting adhesivity Such a nonadhesive particulate colored material may be incorporated in a 
20 weight proportion of not more than 40 per 100 of the particulate adhesive colored resin as necessary. 

[0063] The foregoing rubber-erasable aqueous ink for a writing material composition includes a particulate thermo- 
plastic resin incorporated therein having the particle diameter distribution such that the amount of particles having a 
. particle diameter of from 2 jim to 20jim is not less than 70% by weight of all the particles In this arrangement, the 
resulting writing, when heated by a heating machine such as iron or under a heat roller as in cojpying machine, can be 
25 provided with a pemnanent fixability such that it cannot be erased even when rubbed with eraser or finger. 
[0064] The particulate thermoplastic resin will be further described hereinafter. 

[0065] Specific examples of the resin constituting the foregoing particulate thermoplastic resin include thermoplastic 
resins such as styrene resin, acrylic resin, epoxy resin, polyester resin, styrene-acryt copolymer resin, polyvinyl chloride 
resin, polyamide, urethane resin, polymethyl methacrylate. polyoi resin, acryl-urethane copolymer, phenolic resin, pol- 
30 yethylene. polyacrylonitrile, styrene-butadiene copolymer and acrylonitrile-butadiene copolymer. The resin constituting 
the foregoing particulate thermoplastic resin is limited to these compounds. Any compounds which can be used as 
resin component for electrophotographic toner may be used. 

[0066] The preparation of the foregoing particulate thermoplastic resin can be accomplished by any known method 
for the preparation of electrophotographic toner such as grinding method and polymerization method. 
35 [0067] In order to obtain the particulate thermoplastic resin of the present invention having a particle di^^ 

tributbn such that the amount of particles having a particle diameter of from 2 tim to 20 ^im Is not less than 70% by 
weight of all the particles, grinding method, suspension polymerization method or dispersion polymerization method 
may be preferably used. Emulsion polymerization method causes the formation of fine particles having a particle di- 
ameter distribution such that most of the particles have a particle diameter of not more than 1 \m and thus is not 
40 appropriateforthepreparation of the particulate resin of the present invention. 

[0068] The particulate themnoplastic resin may be colored with the foregoing pigment to enhance the density of the 
writing. Alternatively, a particulate thermoplastic resin which has been separately colored may be added to the partic- 
ulate therrnoplastic resin to enhance the density and fbcabil^^^ 

[0069] Referring to desirable therrhal properties of the particulate thermoplastic resin, the particulate thermoplastic 
.45 resin exhtoits a softening point of from 60»C to 180»C and a melt flow index (Ml) of from 0,1 to 30, preferably from 0,1 

■'■-■.'to20. ■ 

[00701 The preparaton of the particulate thermoplastic resin by polymerization^m 

[0071] The foregoing particulate themnoplastic resin is preferably prepared by subjecting a radical-polymerizabia 
monomer to at least one polymerization selected from the group consisting of suspension polymerization, dispersion 
50 polymerizatkjn arid seed polymerization. 

[0072] The reactWmonomers and radical lnitiators to be used in the preparation of the foregoing thermoplastic 
by radical polymerization such as suspension polymerization, seed polyrtierization and dispersion polymerization may 
• . be selected fro m the previously men tioned starting rhaterials from which the particulate adhesive colored resin is pre- 

■ -'..pared.' ■ .* -. • ' u'- - } ' ■ . ~ — ^ ■ — ■ •• ■ • --^ - 

: 55 : • [0073] The preparation of the particulate thenrnoplastic resin by gr^^^^ 

including rnelt-mixihg the 'fdi^egoing therifnoplastic resin over a heat roll or extruder, coarsely processing the rnaterial 
into chip, and then atomizing the chip by means of a grinder. 

[0074] l^re particulariy. a known method for the preparation of ground electrophotographic toner may be used. 



EP 1 006 162 A1 

[0075] The foregoing particulate thermoplastic resin can be adjusted by wet classification method or dry classification 
method to hav a desired particle diameter distribution. 

[0076] As the wet or dry classification method there nrtay be used on described above. 

[0077] The content and weight proportion of the particulate adhesive colored resin and the particulate thermoplastic 

5 resin to be incorporated in the ink composition will be further described hereinafter. 

[0078] Referring to the content of each of these particulate nnaterials in the ink composition, it is pref rr d that the 
content of the particulate adhesive colored resin and th particulate thermoplastic resin b from 5 to 30% by weight 
and from 1 to 15% by weight, respectively, and the weight ratio of the particulate thermoplastic resin to the particulat 
adhesive colored resin is from 2 : 100 to 50 : 100. 

10 [0079] If the content of the particulate adhesive colored resin falls below 5% by weight, neither a good color density 
nor a good frening resistance can be obtained. On the contrary, if the content of the particulate adhesive colored resin 
exceeds 30% by weight, the proportion of solid content in the ink composition is raised, occasionally preventing smooth 
discharge of ink. 

[0080] If the content of the particulate thermoplastic resin falls below 1% by weight, a good heat-fixability cannot be 
IS obtained. On the contrary, if the content of the particulate thermoplastic resin exceeds 15% by weight, the resulting 
fretting resistance can be deteriorated. Further, if the mixing ratio of the particulate thermoplastic rosin to the particulate 
adhesive colored resin falls bebw 2. a good heat-fixability cannot be obtained. On the contrary, if the mixing ratio oT 
the particulate thermoplastic resin to the particulate adhesive colored resin exceeds 50. the resulting fretting resistance 
can be deteriorated. 

20 [0061] As second aspect of the present invention, the rubber-erasable aqueous ink for a writing material composition 
will be further described, including at least a particulate colored resin containing a pigment, a particulate adhesive 
resin, water, anda w^r-solublepolar solvent, the particulate colored resin and particulate adhesive resin each having 
a particle diameter distribution such that the amount of particles having a particle diameter of from 2 ^m to 20 |im is 
not less than 70% by weight of all the particles. 

25 [0082] The foregoing particulate coksred resin is a partk;ulate material which can be colored to give a visible writing. 
Further, the foregoing particulate colored resin needs to have a particle diameter distribution such that the amount of 
particles having a particle diameter of from 2 ^m to 20 jim is not less than 70% by weight of all the particles to prevent 
the penetration into paper. 

[0083] The foregoing particulate colored resin may be a particulate colored resin having a pigment homogeneously 

30 dispersed in a particulate resin or a particulate colored resin having a partrculate resin covered by a pigment. 

[0084] Examples of the resin constituting the foregoing particulate colored resin include polystyrene, acrylic resin, 
epoxy resin, melamine resin, polyester, polyvinyl chloride, benzoguanamine resin, polyamide, urethane resin, polyme- 
thyl methacrylate, acryl-urethane copolymer, phenolk: resin, polyethylene, polyacrylonitrile, styrene-acryl copolymer, 
styrene-butadiene copolymer, and acrytonitrile-butadiene copolymer. 

55 [0085] As the pigment for cotoring the foregoing resin there may be used one previously mentioned. 

[0086] The foregoing particulate colored resin can be obtained by using any known preparation method such as 
grinding method, polyrnerization method and spray dry method. Specific examples of the foregoing polymerization 
method include suspension polymerization method, suspension polycondensation method, dispersion polymerization 
method, and emulsion polymerization method. Microcapsulization method (Tiay be used. 

40 [0087] In order to obtain a particulate colored material of the present invention having a particle diameter distribution 
such that most of the particles have a particle diameter of from 2 jxm to 20 ^im, grinding method, suspension polym- 
erization method, suspension polycondensation method or dispersion polymerization method may be pref erably used. 
Particularly preferred among these polymerization methods are suspension polyme^^^ 
' --od. • ■ ' ■. • . 

45 [0088] Emulsion polymerization method causes the formation of fine particles having a particle diameter distribution 
such that most of the partrcles have a partrcle diameter of not more thari 1 jim and thus is not appropriate for the 
preparatran of the particulate resin of the present invention. : 

[0089] As the foregoing particulate colored resin there may be used a commercially available product. Examples of 
the commercially available product employable herein include Technopoiymer MBX-5 (trade name of jparticulate cotored 
so resin produced by Sekisui Plastic Co.. Ltd.) and Art Peart C-800 (trade name of particulate colored resin produced by . 
Negami Chernical Industrial Co.. l_td,). 

[0090] As the particulate coksred resin there may also be lised a microcapsuled pigment obtained by capsulating or 
- .- ^ ^ ■ - — -soikJ-dissolvinq a cQl ored material having a pigme nt dispersed in a medium in a shell made of a resin wall membrane 

nrtaterial by micipcapsulizing method.: ■ :■ . , ■■■ ■ ~ - ' .: . ■ ^ — ' . - 

55 : [0091] Examples of the wall membrane fralerial constituting the shell include gelatin, shellaCi gum arabic. rosin. . 
rosin ester, ethyl cellulos . cartxjxymethyl celluksse. paraffin. Irislearin. polyvinyl ateohol, polyethylene, pofypropylene, . 
acrylic resin; vinyl resin, polyisobutene. polyurethane. polybuladiene. polyester, polyamide, epoxy resin, phenolic resin, . 
silicone resin, polystyren . and melamine resin. These wsUI membrane materialis may be iised singly or iri admixture. 
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[0092] Examples of the microcapsulization method employabi h r in include coacen/ation method. In-sTlu pdlym- 
erization method. Interfacial polymerization method, submerged film curing method, method involving the phase sep- 
aration from an aqueous solution, method involving the phase separation from an organic solvent, melt dispersion 
cooling method, air suspension coating method, and spray drying m thod. 
5 [0093] If the foregoing particulate colored resin is a particulate thermoplastic colored resin, the resulting writing, when 
heated by a heating means such as iron or under a heat roller as in copying machine, can be provided with a permanent 
fixability such that it cannot be erased even when rubbed with an eraser or finger. 

[0094] The foregoing particulate thermoplastic colored resin may b a particulat colored resin having a pigment 
homogeneously dispersed in a particulate thermoplastic resin or a particulate colored resin having a particulate ther- 
10 moplastic resin covered by a pigment 

[0095] As the resin to be incorporated in the foregoing particulate thermoplastic colored resin there may be used 
one to be used in the foregoing particulate thermoplastic resin. 

[0096] The foregoing particulate thermoplastic colored resin can be obtained by using any known method for the 
preparation of electrophotographic toner such as grinding method, polymerization method and spray dry method. 

IS [0097] Specific examples of the foregoing polymerization method include suspension polymerization method, sus- 
pension polycondensation method, dispersion polymerization method, and microcapsulization method. 
[0098] In order to obtain the particulate thermoplastic colored resin of the present invention having a particle diameter 
distribution such that the amount of particles having a particle diameter of from 2 urn to 20 ^m is not less than 70% by 
weight of alt the particles, grinding method, suspension polymerization method or dispersion polymerization method 

20 may be preferably used. Emulsion polymerization method causes the formation of fine particles having a particle di- 
ameter distribution such that most of the particles have a particle diameter of not more than 1 jim and thus is not 
appropriate for the preparation of the particulate resin of the present invention. 

[0099] The thermal properties of the particulate theniKJplastic colored resin will be further described hereinafter. 
[0100] The thermoplastic resin to be incorporated in the foregoing particulate thermoplastic colored resin or the 

25 particulate thermoplastic colored resin itself exhibits a softening point of from 60°C to IBO^'C and a.melt flow index (Ml) 
of from 0.1 to 30.0, preferably from 0.1 to 20, in order that the resulting writing, when heated, can be rendered resistant 
to erasure by an eraser. The foregoing softening point. Ml and heat-fusibility are closely related to each other. If the 
softening point falls below 60*C, the writing can be transferred to another sheet of paper which has been laminated 
thereon or causes the two sheets of paper to be glued (blocking). On the contrary, if the softening point exceeds 180'C. 

30 it requires the use of a high temperature heating means or heat roller that can deterkirated the quality of paper. Further, 
if Ml falls below 0.1 , the resulting thermoplastic resin exhibits too small a fluidity during heating to obtain a sufficient 
fixability. On the contrary, if Ml exceeds 30, the resulting writing can be transferred to the foregoing heating means to 
thin the writing or stain the heating means. Further, when heated, the thermoplastic resin can easily penetrate into 
paper, deteriorating the fixability or impairing the sharpness of the writing. 

35 [0101] The foregoing softening point can be measured by a ring and ball softening point measuring rnethod according 
to JIS K2531. Ml can be measured by A method according to JIS K7210. These measurements are effected at a 
temperature of 1 25'C under a load of 10 kg, 

[0102] As the reactive monomer and radical initiator to be used in the preparatkin of the foregoing particulate ther- 
rinoplastic colored resin by a suspenskxi polymerization method involving radical polymerization there may be used 
40 the previously mentioned starting rriaterials from the particulate adhesiive cotored resin is prepared. 

[01 03] The weight proportion of the pigment and thermoplastic resin constituting the particulate thermoplastic colored 
resin will be further described hereinafter, 

[0104] Referring to the weight ratio of the pigment and thermoplastic resin constituting the particulate themnoplastic 
colored resin, the proportion of the thennoplastic resin is preferably from 2 to 40 per 1 of the pigment. If the proportion 
^ of the thermoplastic resin falls beloW: 2. the resulting particulate thermoplastic colored resin doesn't exhibit a goocj 
fixability. On the coritrary. if the proportion of the thermoplastic resin ex;ceeds 40, the resulting color density is lowered, 
making it difficult to obtain a writing showing a gciod cotor density. 

[0105] The partk:uiate adhesive resin to be incorporated in the ink composition in combination with the foregoing 
particulate colored resin or thermoplastic colored resin will be further described hereinaft^^^^^ 

so [0106] The foregoing particulate adhesive resin acts to bond the foreigoing particulate colored resin or particulate; 
thermoplastic colored resin which is not adhesive to paper to paper, rendering the writing reisistant to fretting as wqII 
as^ erasable by an eraser. The adhesivity of the particulate adhesive resin itself and the content pf the particulate 
^~ ~^adhesiv9-resin in the ink comoositton are determined within a g ood range such that the desired rubber-erasability and 
fretting resistance can be satisfied. The particulate adhesive resinTtbornQeds to have a particle diameter^dist^ 

ss such that the amount of partwles having a pairttele diameter of from 2 mhi to 20 jim is not less than 70% by weight of 
all the particles to prevent or lessen its penetration int paper. 

[0107] The process for the prepai^tksn of the foregoing partk:ulate adhesive resin is not specifically limited so far as 
it is adhesive at least on th surface layer thereof. Any knovyn method for the synthesis of part'c^^^ 
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[01 08] Examples of the form of the particulate adhesive resin include a structure wherein the entire resin constituting 
the particulate adhesive resin is a homogen ous polym r composition having an adhesivity. a structure including a 
particulat adhesive resin the surface of which Is entirely coated with a polymer composition having an adhesivity. a 
structure including a multi-layer particulate adhesive resin at least surtace of which is adhesive, and a structure including 
5 a particulate adhesive resin a part of the surfac of which is formed by a polymer composition having a continuous or 
discontinuous adhesivity. 

[0109] The foregoing particulate adhesive resin can be obtained by suspension polymerization method, suspension 
polycondensation method, suspension addition reaction method, seed polymerization method, dispersion polymeriza- 
tion method, submerged solvent evaporation method or the like. In order to obtain the structure wherein the entire resin 

10 constituting the particulate adhesive resin is a homogeneous polymer composition having an adhesivity suspension 
polymerization method, dispersion polymerization method, seed polymerizatbn method or submerged solvent evap- 
oration method may be mainly used. On the other hand, in order to obtain the structure including a mu lti-!ayer particulate 
adhesive resin at least surface of which is adhesive, suspension polymerization method, suspension polycondensation 
method, suspension addition reaction method, seed polymerization method, dispersion polymerization method and 

IS submerged solvent evaporation method can be used in proper combination. Altematively, a secondary surtace modi- 
fication method can be used. As the foregoing multi-layer particulate adhesive resin there nr^y be used one which is 
hard in the center thereof but adhesive on the surface layer thereof. 

[01 10] The foregoing secondary treatment is a treatment which includes nidifying primary particles obtained so that 
they are rendered adhesive regardless of whether or they are adhesive. 

20 [0111] The preparation of the particulate adhesive resin is preferably accomplished by at least one polymerization 
method selected from the group consisting of suspension polymerization method, dispersion polymerization method 
and seed polymeriza^n method, more preferably seed polymerization method or dispersion polymerization method. 
These polymerization methods can provide a particulate material showing a sharp (acute) particle diameter distribution 
cun/e (particulate material having a sharp particle diameter distribution). Thus, ciassificatbn following the reaction can 

2S be substantially omitted. 

[Oil 2] The adhesive properties of the foregoing particulate adhesive resin are meant to indicate that the particulate 
material itself can be erased by an eraser but exhibits the lowest required adhesivity with respect to light fretting. In 
other words, if the particulate adhesive resin exhibits too strong an adhesivity, it can be less erased by an eraser or 
cannot be fairly erased unless mbbed by an eraser with a strong frictional force. On the contrary, if the particulate 

30 adhesive resin exhibits too weak an adhesivity, it can be easily peeled even when lightly rubbed. Accordingly, the 
adhesivity of the particulate adhesive resin needs to be adjusted such that a good rubber-erasability and a high fretting 
resistance can be attained at the same time. 

[0113] As an index for provkJing the particulate adhesive resin with a proper adhesivity. it is preferi-ed that the par- 
ticulate adhesive resin thus obtained exhibit a glass transition point of lower than ACC, nrwre preferably tower than 

35 20*C. If the adhesive resin used exhibits a glass transition point of not tower than 40* C, the resulting writing exhibits 
a weak adhesivity at room temperature and thus cannot attain a desired fretting resistance: , 
[01 1 4] The polymer to be used in the preparatton of the foregoing particulate adhesive resin is not specifically limited 
so far as it is adhesive. The same polymer as used in the particulate adhesive colored resin can be used. 
[01 1 5] The reactive nrwnomers and radical initiators to be used in the preparation of the foregoing particulate adhesive 

40 resin by radrcal polymerization such as suspension polymerization, seed polymerization and dispersion polymerizatton 
may be selected from the prevtously mentioned starting materials from whk:h the particulate colored resin ts prepared. 
[0116] As the method for preparing the foregoing particulate adhesive resin by suspehston polycOT^ 
suspension addition reactton method or submerged solvent evaporation method there may be used the same method 
as mentioned above. 

4S (0117] As the method for adjusting the adhesivity of the foregoing particulate adhesive resin there may be us^d the 
same method as used for the particulate adhesive coksred resin. 

[0118] The method for adjusting the particle diameter distribution of the partkrulate cotof-ed resin and tfie particulate 
adhesive resin as mentioned above will be further describied hereinafter. 

[0119] The foregoing particulate cotored resin and particulate adhesive resin can be adjusted to have a desired 
50 particle diameter distributton by wet or dry classificatton method. 

[0120] The wet or dry classification method can bo accomplished by the foregoing methpd;^^^ 
[0121] However, the foregoing partfculate adhesive resin stays adhesive at room teriiperature and thus can be ad- 
—jijfitftd by the same method for-the.adiust ment of the particle diameter dist ributkan of the foregoing partictjlate adhesive 
./ \ : 'colored resin./ ' • ' • ; ■ ]: '. y/^^/--':. 

ss [0122] The content arid weight proportton of the particulate colored resin and the parttoulate adhesive resiri to be 
inc rporaied in the ink composition will b further described h reinafter. 

[0123] Referring to the content of each of these particulate materials in the ink connpbsitkjn, it is priaferi-ed that the. 
content of the particulate cokyed resin and th particulate adh sive resin be from 5 to 30% by weight arid from Q 5 to 
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15% by weight, respectively, and th weight ratio of the particitete adhesTve resin to the particulate colored resin is 
from 2 : 100 to 200 : 100. preferably from 5 : 100 to 150 : 100. 

[01 24] If the content of the partrculat colored resin falls below 5% ty weight, a good color density cannot be obtained. 
On the contrary, if the content of th paniculate adhesive resin exceeds 30% by weight, the proportion of solid content 
5 in the ink composition is raised, occasionally preventing smooth discharge of Ink. Also in the case where the particulat 
thermoplastic color d resin is used, the same content and weight proportion as for the particulate color d resin is 
preferred. 

[0125] If the content of the particulate adhesive resin falls below 0.5% by weight, a good fretting resistance cannot 
be obtained. On the contrary, rf the content of the particulate adhesive resin exceeds 15% by weight, it is occasionally 

10 difficult to obtain a good rubber-erasability. Further, if the ratio of the particulate adhesive resin to the particulate colored 
resin falls below 2, a good fretting resistance cannot be obtained. On the contrary, if the ratio of the particulate adhesive 
resin to the particulate colored resin exceeds 200. a good rubber-erasability can hardly be obtained. 
[01 26] Referring to the configurational characteristics of the writing formed on paper by the foregoing rubber-erasable 
aqueous ink for a writing material composition, the dried writing forrtied on paper by an ink composition including the 

IS foregoing particulate colored resin 2 and particulate adhesive resin 3 includes particles point-bonded to each other 
and to the surface of paper 10 as shown in Fig. 2. In this arrangement, a two-dimensional network with a particulate 
adhesive resin 3 as a nucleus is continuously or discontinuously formed on the surface of paper 10. The foregoing 
configurational characteristics provide a good rubber-erasability and a good fretting resistance at the same time. 
[0127] Further, in the writing formed by the ink composition including the particulate thermoplastic colored resin and 

20 the particulate adhesive resin, the particulate adhesive resin 3 is point-bonded to the particulate theriDoptastic colored 
resin 21 and to the surface of paper 10 with an adhesivity as shown in Fig. 3. In this arrangement, a two-dimensional, 
network with a particulate adhesive resin 3 as a nucleus is continuously or discontinuously formed on the surface of 
paper 10. 

[0128] Further, when the writing thus formed is subjected to heat treatment, the particulate thermoplastic coksred 
25 resin 21 melts to show a deformation from the original independent particle, causing aggregation of all the particles in 
the writing. At the same time, the resin melts to penetrate into paper, providing the writing with a high fixability such 
that it cannot be erased even when rubbed with an eraser as shown in Fig. 4. 

[0129] Further, in the writing formed by the ink composition including the particulate adhesive colored resin and the 
particulate thermoplastic resin, the particulate adhesive colored resin 1 is point-bonded to the surface of paper 1 0 and 

30 to the particulate thermoplastk: resin 4 as shown in Fig. 5. In this arrangement, a network with resin particles point* 
bonded to each other is continuously or discontinuously formed on the surface of paper. When the writing thus formed 
is subjected to heat treatment, the partrculate thermoplastic resin 4 metts to show a deformation, causing aggregation 
of all the particles 1 in the writing. At the same time, the resin melts to penetrate into paper 10. exerting an enhanced 
effect of txsnding to paper and hence providing the writing with a high fixability such that it cannot be erased even when 

3S rubbed with an eraser as shown in Fig, 6. 

[0130] The preparatkxi of the ink composition can be accomplished by homogeneously dispersing the foregoing ; 
various partculate materials in a vehrcle containing water and a water-soluble polar solvent 
[0131] The foregoing water-soluble polar solvent is used for the purpose of inhibit^^ 

of writing materials, rendering the writing water-resistant or like purposes. As the water-soluble polar solvent there may 
40 be effectively used any general-purpose solvent compatible with water. For example, polyvalent alcohols such as 
ethylene glycol, diethylene gVcol, triethylene glycol. -1.3i)ropstf^^ 
glycol, ttiiodiethylene glycol, sorbitol, glycerin and polyethylerie gly^^^^^ 

glycol rTKsnomethyf ether. triethanoIamine,2-pyrrolidon0.N-methyl-2-py^^^^ . ' 

singly or in combinialion. The amount of the vy^ter-soluble polair so^^ 
45 weightbased on the weight of the ink compositiori. 

(0132] The ink composition of the present invention nriay includes general-purpose ad^^^ 
anti-foaming agent, oxidation inhibitor, stabilizer. pH adjuster arid surfac^^^^ 

[0133] Referring to the foregoing additives, as the pH adjuster there may be used an inorganic salt s^^ 
. cartK)nate. sodium phosphate and sodium acetate or an organic basic coriipound such as water^^^ 
so pound As the rust preventive there nriay be used benzotriazole.tolyltriazole.dicyclohexyl a^ : 
amrnonium nitrite, saponin or the likei. 
. [0134] As tHe preservative or mildew-proofing agent there n^y be used carbon^ 1,24)enzthia-, 
7Qitn e-3;gn,j Odiumbenzo ate, sodium dehydroacet^^^ - 
ro-4-(methytetilfonyl)pyridineof"th^li ke. . — -' , • ■ " ' '•- "■ : ■ ; ^ ; ' ■• 

. 55 [0135] : As the wetting agent there may be used urea. nonkDTi^ 

starch hydrolyzate, sodium pyrophosphate or the tik . Furth r, a fluorine-based surtactahl or siftcorte-based. nonkjnic. . . *; 
anionic or cationic surfactant may b usedasan ink penetration improver An anti-foaming agent or dis 

such as dimethyl polysikxicane may be used. V 
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[0136] The foregoing additives are so-called general-purpose additives. These additives may be properly selecteS 
from the group consisting of known compounds as n cessary. 

[0137] Further, th aqueous vehicle medium may include a known wat r^Iuble resin or aqueous resin emulsion 
incorporated therein for the purpose of nhancing the fluidity of the ink. stabilizing the dispersibility of the ink and closely 
5 adjusting th adhesivity of the ink. 

[0138] Writing materials including th foregoing rubber-erasable aqueous ink for a writing material composition in- 
corporated therein will b described h reinafter. 

[01 39] The writing materials including the foregoing rubber-erasable aqueous ink for a writing material composition 
incorporated therein may be a marking pen having a structure arranged to supply the ink into the tip of the writing 

10 materials on which a fiber chip, felt chip or plastic chip is mounted from an ink occluding material made of a bundle of 
fibers received in a cylindrical holder, the ink occluding material impregnated with the ink, a structure having the ink 
directly received in a cylindrical holder with a pectinated ink flow adjusting member or an ink flow adjusting member 
made of a bundle of fibers being interposed therebetween, or a structure having the ink directly received in a cylindrical 
holder having a valve mechanism arranged to supply a predetermined amount of the ink into the tip of the writing 

IS materials. 

[01 40] On the other hand, when the ink composition of the present invention is used for ball point pen, the particulate 
material tends to undergo sedimentatbn in the ink composition because the particulate nnaterial used have a relatively 
great particle diameter For this reason, the ink composition may include a shear-thinning agent incorporated therein. 
It the resulting ink composition exhibits a viscosity of from 25 to 160 mPa • s as determined at 25'C and 100 rpm by 

20 means of an EMD type viscometer and a shear-thinning index of from 0,1 to 0.7 at 100 rpm, writing materials which 
are free from sedimentation and separation of particulate material and thus are stable with time can be obtained. 
[0141] If the ink viscosity at 100 rpm exceeds 160 mPa -s . the resulting ink dischargeability is deteriorated, disabling 
writing or causing blurring. On the contrary, if the ink viscosity at 100 rpm falls below 25 mPa -s, the dispersion stability 
of the particulate material cannot be sufficiently maintained. In other words, if the shear-thinning index falls outside the 

25 above defined range, the resulting effect is not optimum, impairing the effect of inhibiting the separation of the particulate 
adhesive colored resin, the ink dischargeability and the writing performance. 

[0142] The shear-thinning index of the ink as used hereinabove is n value obtained by substituting for an experimental 
formula (T = Kj" where K and n are calculated constants) obtained from rheological measurements made by a viscom- 
eter such as shear stress (T) and shear rate (j). 

30 [0143] As the foregoing shear-thinning agent there may be used any compound known as such. Examples of the 
shear-thinning agerit employable herein include xanthan gum, welan gum. succinoglycan composed of organic acid- 
modified heteropolysaccharide as monosaccharkie (average molecular weight: about 1 .OOO.OQO to 8.000.000), gua 
gum, locust bean gum and derivative thereof, hydroxyethyl cellulose, alginic acid alkyt ester, polymer having a molecular 
weight of from 100.000 to 150.000 mainly composed of methacrylk: acid alkyi ester, glycomannan. gelatinizable hy- 

3S drocarbon extracted from seaweeds such as agar and carrageenan. behzylidene sorbitol and benzylidene xylitol or 
derivative thereof, and crosslinkabte acrylic acid polymer. These shear-thinning agents may be used singly or in ad- 
mixture. 

[0144] Further examples of the shear-thinning agent employable herein include nonionic surfactants having HLB 
value of from 8 to 1 2 selected from the group consisting of pofyglycerinaliphatic acid esters, polyoxyethylenesorbitan 

40 aliphatic acid esters, polyoxyethylenecastor oils, potyoxyethylenelanolin. tanolinak:ohol. beeswax derivatives, potyox- 
yethylene alky! ethers, polyoxypropylene alkyI ethers, polyoxyethyfene alkyI phenyl ethers and aliphatic ackj amides, 
neutralization product of dialkyi or dialkenylsulfosuccinic acid, mixture of N-alkyl-2-pyrroltdone and anionic surfactant : 
and mixture of polyvinyl alcohol and acrylk: resin. These shear-thinning agents may be used singly or in admixture. 
[01 45] The foregoing shear-thinning agent may be used in an anv^unt of from 0. 1 to 20% by weight based on the 

45 weight of the ink composition. 

[0146] Referring next to the partk:le diameter of the particulate rriaterial to be incorporated in the rubber-erasable 
aqueous ink for a writing material composition for ball point pen. it is preferred that the entire particulate material 
incorporated in the ink composition have a particle diameter distribution such that the amount of partk:les having a 
particle diameter of from 2 ^rh to 10 ^m is not less than 80% by weight of all the particles, preferably such that a particl^ . 

so diameter distribut k:n such that the amount of particles having a particle diaimeter of f rorh 2 )im to 1 0 ^rp is not less 
than 90% by weight of all the partkiles. 

[01 47] The particle diameter distribution of the ink composrtbn for ball point pen needs to be restricted mote greatly. 
,^^11^ t han that of other writing m aterials to allow smooth passage of ttie particulate material through the narrow gap in the 
, vicinity of the portion receiving balllinhelip^f Ban point penrThou^^^ a 
55. particulate nnaterial is preferably used having a jparticle diarneter distribution such that the amount of particles having 
a partble diameter of from 2 ^rn to 1 0 ^m is not less than 80% by weight of all the particles. More preferabV. a partfculate; 
^ material is used having a partrcle diameter distrbutton such that the amount of particles having a particle diameter of 
from 2 ^m t 10 jxm is not less than 90% by weight of all the particles. If the proportion of particles having a particle 
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diameter of not 1 ss than 10 pm is too great, coarse particles don't pass and thus are accumulated in the vicinity of the 
foregoing ball-receiving portion, disabling writing. 

[0148] Th particulate adhesive colored resin or the stabilizer for particulate adhesive resin to be used in the prep- 
aration of the rubber-erasabi aqueous ink for a writing material composition for ball point pen will be further described 
5 hereinaft r. 

[0149] As the ball rotates during writing, the foregoing particulate adhesiv resin material tends to aggregate or 
conglomerate to each other under the action of extrem pressure in the vicinity of the ball-receiving portion. Therefor . 
it is preferred that th ink composition include a particulate adhesive material incorporated therein. 
[0150] As the foregoing stabilizer there may be used an anionic surfactant or amphoteric surfactant. Preferably, an 
10 amphoteric surfactant is used singly or in combination with an anionic surfactant. The stabilizer Is oriented on the 
surface of the particulate adhesive material to exert a remarkable effect of inhibiting the aggregation or conglomeration 
of the adhesive material particles in the vicinity of the ball-receiving portion. 

[0151] As the foregoing anionic surfactant to be used herein there may be used alkyi sulfate, polyoxyethylene- 
alky tethers ulf ate. sulfosuccrnate, sulfonate, taurin derivative, sarcosine derivative, amide ether sulfate, alkyI phosphate. 

15 polyoxyethylenealkyletherphosphate, aliphatic acid salt, alkyI ether aliphatic acid salt or the like. Examples of these 
anionic surfactants include sodium laurylsulfate. triethanolamine laurylsulfate. sodium myristylsulfate, sodium polyox- 
yethylenelauryletheraulfate, triethanolamine polyoxyethylenelaurylethersulfate. dioctylsodium sulfosuccinate, sodium 
laurylsulfoacetate, N-lauroylmethyltaurinsodium. N-myristoylmethyltaurin triethanolamine, lauroylsarcosinesodium, 
oleylsarcosfnepotassium, myristoylsarcosinesodium, sodium sulfate of polyoxy palm oil aliphatic acid rruDnoethanola- 

20 mide. sodium lauryiphosphate. sodium polyoxyethylenecetyl etherphosphate. triethanolamine polyoxyethylenenonyl- 
phenyl etherphosphate, triethanolamine dipotyoxyethylenetaurylether phosphate, triethanolamine tripolyoxye thy len&- 
laurylether phosphat^ triethanolamine of palm oil aliphatic acid, and sodium polyoxyethytenslauryletheracetate. 
[01 52] As the foregoing amphoteric surfactant there may be used an alkylbetain type, alkylaminobetain type, imida- 
zoline type, glycin type or etheraminoxide type surfactant. Examples of these amphoteric surfactants include betain 

25 laurytdimethylamlnoacetate, amidepropyldimethylamino acid betain of palm oil aliphatic acid, amidepropylbetain lau- 
rate, 2-alkyl-N-carboxymethyl-N-hydroxyethylimidazoliniumbetain. laurylhydroxysulfobetain. polyoctylpolyamlnoethyl- 
glycin,lauryldimethylamlnoxkie, and alky Idimethylaminoxide of polyoxy ethylene palm oil. 

[0153] The structure and shape of ball point pen itself are not specifically limited. General-purpose structures and 
shapes which have been heretofore known may be used. For example, a ball point pen can be exemplified having a 
30 structure including an ink receiving tube having a cylindrical holder filled with an ink composition, the ink receiving tube 
communicatirig to the tip in which a ball is mounted, a follower being mounted close to the end face of the ink compo- 
- sition. 

[0154] Referring further to the foregoing ball point pen filled with an ink composition, the conventional general-pur- 
pose mechianism is useful as the structure of the tip thereof. Examples of such a mechanism emptoyable herein include 
35 a tip having a ball held in a ball-hokiing portbn formed by externally pressure-deforming a rnetallic pipe inward in the 
vicinity of the tip thereof , a tip having a ball held in a ball4iolding portbn formed by drills 

material, and a tip formed by cutting a metallic pipe or metallic material having a ball held energizied by a spring therein. 
[0155] The foregoing ball may be made of a nriaterial such as hard metal, stainless steel, ruby and ceramic having 
a diameter of from about 0.3 to 1 .2 mm. 
40 [0156] As the foregoing ink-receiving tube for receiving the ink compositbn there may be preferably used. e.g.. a 
formed product made of a thermoplastic resin such as polyethylene, polypropylene and polyethylene terephthatate 
because it causes little evaporatk>n of ink aind can be easily produced. 

[0157] The foregoing ink-receiving tube to be used herein preferably hias an Innerdianrieter bffrom 2.5 to 10 mm. 
[0158] Further, the foregoing ink-receiving tube can be formed by a transparent, cobred transparent or semitran^- 
^ parent rraterial to allow the confirrration of the cotor or remaining amount of ink. 

[0159] The foregoing ink-receiving tube nriay be directly connected to the tip. Alternatively^ 
tube and the tip nnay be connected to each other with a connecting member. 
[0160] The foregoing ink-receiving tube nriay have a refill for ball point pen received in a cy^^ 
the inkmay be directly received in a cylindrical hokJer having a tip mounted on the forward end thereof as an ink- 
; so receiving body. , 

[0161] The refill to be received in the cylindrical holder preferably has an inner diameter of from 2,5 to 5 mm. The 

pylindrical holder in whch the ink is directly re 
/• ^[0l62]"~The foregoing ink-receiving lube jn which the ink composition is directly received preferably has an ink follower 

packed at 'the rear end thereof.'- • ■ ' — . . • • y 

S5 [0163] . As the foregoing ink follower there may be used eiither a liquid or solid material. As the foregoing liquid ink 

follower there may be usisd a rionvplatile medium such as poiybutene and silicone oil. The foregoing mediummay 
' include silica, aluminum silk:ate or the like incorporate therein as necessa^^ 

[0164] As the solid ink fdk>wer there nnay be used a forrnedres^ 
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[01 6S] These liquid and solid ink follower nray b used in combinafion. 

[0166] Th rubber-erasable aqueous ink for a writing nriaterial corrposition ol the present invention ca^ pared 
by adding a dispersion containing a particulate adhesive colored resin and optionally a particulate thermoplastic resin 
or a particulate colored resin or particulate thermoplastic colored r sin and a particulate adhesive resin to a medium 
5 including water and a water-soluble polar solvent, adding proper additives. iT any. to the mixture, and then stirring the 
mixture to make a dispersion. The rubber-erasable aqueous ink for a writing material composition thus prepar d is 
th n pack d into writing materials in the form of ball point p n. marking pen such as magic pen and felt pen, fountain 
p n and writing brush f r use. 

10 Examples 

[0167] The present invention will be further described in the following examples, but the present invention should 
not be construed as being limited thereto. 

[0168] For the measurement of particle diameter distribution in the following examples, a laser diffraction type particle 
IS size distribution meter [SALD 1100, produced by Shimadzu Corp.] was used. For the measurement of glass transition 
temperature, a differential scanning calorimeter (DSC S230L, produced by Rigaku Corp.] was used. 
[0169] The figure used in mixing proportion indicates parts by weight 

[01 70] Examples and comparative examples of the ink composition including a particulate adhesive colored resin of 
the present invention or the ink composition including a particulate cok5red resin and a particulate adhesive resin of 
20 the present invention will be described hereinafter. 

EXAMPLE 1 ^ 

Preparation of dispersion of particulate adhesive colored resin 

25 

[0171] Into a 2-literiter separable flask were charged 480.0 parts of water in which 20.0 parts of a polyvinyl alcohol 
[Gosenol GL-03, produced by The Nippon Synthetic Chemical Industry Co.. Ltd.] were then dissolved to make a dis- 
persant. 

[0172] To the foregoing dispersant was then added a coloring composition consisting of 8.0 parts of carbon black 
30 (Printex L. produced by Degussa-Huls Japan Co., Ltd.). 46.0 parts of butyl acrylate. 46.0 parts of styrene and 2.0 parts 
of 2.2*-azobisisobutyronitrile. The mixture was then stin-ed at a high speed to make droplets having a particle diameter 
of about 7 ^im. Stirring continued for 6 hours during which the reaction mixture was subjected to suspension polymer- 
izatkjn at a temperature of 60"C. 

[01 73] The reaction solution was then allowed to cool to room temperature. In order to remove the polyvinyl alcohol 
35 from the dispersant. the reaction solution was washed with 600.0 parts of water, and then subjected to centi'ifug$l 
separation to separate a particulate adhesive black material therefrom. 

[0174] The slurry of particulate adhesive black nnaterial thus obtained was washed with 600.0 parts of water, arid 
then again subjected to centrifugal separation to separate the particulate material therefrom. The particulate material 
was then adjusted with water to a solkj content of 50% by weight to obtain a dispersion of particulate adhesive black 
40 resin A. 

[0175] The particulate adhesive black resin constituting the dispersion A thus obtained exhibited a glass transition 
temperature of 8*C, an average parttela diameter of 8.2 \ur\ smd a particle diameter distribution such that the amount 
of particles having a particle diameter of from 2 jim to 1 5 (im is not less them 92.5% by weight of all the particles. 



45 


Preparation of rubber-erasable aqueous ink composition 




Oisperskjn of particulate adhesive black resin A 


40,0 




Ethylerie glycol 


.10.0/^ 




Penetrating agent [Acetynpl EH. jDroduced by Kawaken Finechemical Qo.. Ltd!] 


: 0.3 


50 


Water • 


. 497 






100.0 . . 



fQ176]:^The foregoing componentS-were:m'ixe<l and then stirred by a disper until hornogeneity was attained to obtain 
an' ink composition. . . . . ' ••' ■•• •• '.. ^ 

[0177] The ink composition thus obtained exhibited a vi^^ 

viscometer). EXAMPLE 2 \ : ' ■ ■ . : \ ' - ■';;*:. 
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Preparation of dispersion of particulat adhesive colored r sin 



[0178] Into a 2-liter separable flask wer charged 475,0 parts of water in which 25.0 parts of a polyvinyl alcohol 
(Gosenol GL-03, produced by The Nippon Synthetic Chemical Industry C Ltd.] wer th n dissolved to mak a dis- 
p rsant. 

[0179] To th foregoing dispersant was then added a coloring composition consisting of 11 parts of a red organk: 
pigment (CINQUASIA Scarlet RT-787-D. produced by Ciba Geigy Inc.), 80,1 parts of butyl acrylate, 3.6 parts of methyl 
methacfylate, 5.3 parts of ethylen glycol dimethacrylate and 2.0 parts of t -butyl peroxy pivalat . Th mixture was then 
stirred at a high speed to make droplets having a particle diameter of about 5 jim. Stirring continued for 6 hours during 
whrch the reaction mixture was subjected to suspension polymerization at a temperature of 60"C. 
[0180] The reaction solution was then allowed to cool to room temperature. The reaction solution was thoroughly 
washed in the same manner as in Example 1, and then subjected to centrifugal separatbn. The particulate material 
thus separated was then adjusted with water to a solid content of 50% by weight to obtain a^cfiepersion of particulate 
adhesive red resin B. 

[0181] The particulate adhesive red resin constituting the dispersion B thus obtained exhibited a glass transition 
temperature of • 32°C, an average particle diameter of 5.8 ^m and a particle diameter distribution such that the amount 
of particles having a particle diameter of from 2 pm to 15 ^m is not less than 90.5% by weight of alt the particles. 



Preparation of rubber-erasable aqueous ink composition 


Dispersion of particulate adhesive red resin 8 


40.0 


Ethylene glycol 


8.0 


Silicone-modified anti-foaming agent 


0.1 


Presen^ative (Proxel XL-2. produced by Zeneca Corp.) 


0.1 


Succinoglycan (organic acid-modified heteropolysaccharide; average molecular weight: approx. 


0.2 


1,000.000 to 8,000,000) 




Phosphoric acid ester-based surface active agent [Plysurt M208B, produced by Oai-ichi Kogyo Seiyaku 


0.5 


Co., Ltd.] 




Water 


51.1 


Total 


100.0 



[01 82] The foregoing components were mixed, and then stirred by a disper until homogeneity was attained to obtain 
an ink composition. 

[0183] . The ink composition thus obtained exhibited a viscosity of 44 mPa -s (determined at 25"C by an ELO type 
viscometer) and a shear-thinning index (n) of 0.246. 

EXAMPLES 



Preparatibri of dispersion of particulate adhesive colored resin 

[0184] Into a 2-lit6r separable flask were charged 485.0 partsbf water in which 15.0 parts of methyl cellulose [Metrose 
90SH-100, produced by Shin-Etsu Chemical Co., Ltd.] were then dissolved to make a dispisrsant. 
[0185] To the foregoing dispersant was then added a cobring composition consisting of 10.0 parts of carbon black 
(Printex U produced by Oegussa-Huis Japan Co., Ltd.). 81.0 parts of butyl acrylate, 5.4 parts of methyl methacrylate. 
3.6 parts of ethylene glycol dimethacrylate and 2.0 parts of 2,2'^obisisobutyronitrile. The mixture was then stirred at 
a high speed to make droplets having a partwie diameter of about 5 ^m. Stirring continued for 6 hours during which 
the reaction mixture was subjected to suspension polymerization at a 

[0186] the reaction solution wais then allowed to cool to room temperature. The reaction solution was thoroughly 
washed in the same rr^nneir as iri Example 1. and then subjected to centrifugal separation. The particulate rnaterial 
;thus separated was then adjusted with vyater to a solkj content of 50% by weight to obtain a dispersion of particulate . 
adhfifsive black resin C. ; 

[ 0187 ] /The particulate adhesive black resiri constituting the dispersion C thus obtained exhibited a glass trahsitksn 
; temperature of - ^*C7ahli\^Qe"particle diameter or5:6 urn a^^ distributto n such that the amount 

of particles having a particle diameter of from 2 \m\ to 10 ^im is hot less than 88.5% by weight of all the particles" 
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Preparation of rubber-erasable aqueous oik composilion 

[0188] An ink composition was (h n prepared in th same mann r as in ExampI 2 xcept that 40 parts of the 
dispersion of particulate adhesiv red resin B used in th preparation of ink composition were r placed by 40 parts of 
5 th dispersion of particulate adhesive black resin C. 

[0189] The ink composition thus obtained exhibited a viscosity of 43 mPa - s (det rmined at 25'*C by an ELD type 
viscometer) and a shear-thinning index (n) of 0.240. 

EXAMPLE 4 

10 

Preparation of dispersion of particulate adhesive colored resin 

[01 90] Into a 2-liter separable flask were charged 485.0 parts of water in which 1 5.0 parts of methyl cellulose (Metrose 
90SH-100. produced by Shin-Etsu Chemical Co.. Ltd.) were then dissolved to make a dispersant. 

IS [01 91] To the foregoing dispersant was then added a cotoring composition consisting of 1 2.0 parts of a blue organic 
pigment (CROMOPHTAL Blue A3R, produced by Ciba Geigy Inc.). 79.2 parts of butyl acrylate. 7.0 parts of ethyl math- 
acrylate. 1.8 parts of divinylbenzene and 2.0 parts of t-butylperoxy pivalate. The mixture was then stirred at a high 
speed to make droplets having a particle diameter of about 5 pm. Stirring continued for 6 hours during which the 
reaction mixture was subjected to suspension polymerizatton at a temperature of SO'C. 

20 [0192] The reaction solution was then allowed to cool to room temperature. The reactk>n solution was thoroughly 
washed in the same manner as in Example 1. and then subjected to centrifugal separation. The particulate material 
thus separated was then adjusted with water to a solid content of 50% by weight to obtain a dispersion of particuiale 
adhesive blue resin 0. 

[0193] The particulate adhesive blue resin constituting the dispersion D thus bbtaaied exhibited a glass transition 
25 . temperature of - 32'C, an average particle diameter of 6.5 ^m and a particle diameter distribution such that the amount 
of particles having a particle diameter of from 2 pm to 10 nm is not less than 93.5% by weight of all the particles. 

Preparation of rubber-erasahle aqueous ink composition 

30 [0194] An ink composition was then prepared in the same manner as in Example 2 except that 40 parts of the 
dispersion of particulate adhesive red resin B used in the preparation of ink composition were replaced by 5.0 parts of 
a particulate nonadhesive black material (Artpearl C-800. produced by Negami Chemical Industrial Co.. Ltd.; average 
partrcle diameter: 6.2 ^m) and 30^0 parts of the dispersion of partteulate adhesive blue material and the amount of 
water was changed from 51.1 parts to 56.1 parts. 

3S [01 95] The ink composition thus obtained exhibited a viscosity of 44 mPa-s (determined at 25'C and 1 00 rpm by an 
ELD type viscometer) and a shear-thinn|ng index (n) of 0.260. 

EXAMPLES 



40 [01961 





Preparation of rubber-erasable aqueous ink compositkjh 






Dispersion of particulate adhesive blue resin D . 


40.0 




4S 


Oiethylene glycol 

Silcone-modified anti-foamihg agent 

Preservative (Pfoxel XL-2. produced by Zeneca Corp.) 

Hexaglyceryl monoisostearate [S FacelS-601, produced by Sakanrioto Yakuhin Kogyo Co:. Ltd.; HLB: 


9.0 
0:1 
0.1 
9,0 




SO 


10,8] ' ■ ■ /v ]:/ 
Phosphoric acid ester-based surface active agent (Plysurf M208B, produced by Dai-tchi Kogyo Seiyaku 


0.5 






-Co.. Ltd.) . . 

Total ■ . - — ' .. ' ■ " ' • : ■ • ' ■ . 


41:3 

100,0 





\ [0197] Arhong these cornponents; water and diethy^^^ glycol were mixed, to the mi>rture was ttien adcie?J he^^^ 
; eryl fTK)noisostearate. To th mixture was then added the dispersion of particulate adh^^^^ 
bya disper. T the mixture were ttien added the ahti-foaming ag nt, presen/ativ and lubricant. Stjm^^ 
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obtain an ink composition, 

[0198] The ink composition thus obtained exhibited a viscosity of 43 mPa -s (determined at 25''C and TOO rpm'by 
an ELD typ viscomet r) and a shear-thinning index (n) of 0.232. 

5 EXAMPLE 6 

Preparation of dispersion of particulate adhesive resin 

[0199] Into a 2-liter separable flask equipped with an agitator were charged 600 parts of water in which 0.2 parts of 
10 sodium laurylsulfate and 20 parts of methyl cellulose (Metrose 90SH-100, produced by Shin-Elsu Chemical Co.. Ltd.] 
were then dissolved to make a dispersant. To the foregoing dispersant was then added an oil phase solution consisting 
of 120 parts of butyl acrylate, 10 parts of methyl methacrylale, 2 parts of ethylene glycol dimelhacrylate and 2.0 parts 
of 2,2'-azobisisobutyronitrile. The mixture was then stirred at 400 rpm until the average particle diameter reached about 
6 fim. Subsequently, the suspension was heated to a temperature of 70°C in an atmosphere of nitrogen for 6 hours 
IS during which it underwent suspension polymerization. The reaction solutbn was then allowed to cool to room temper- 
ature. The reaction solution was diluted with 1.000 parts of water, subjected to solid-liquid separation by centrifugal 
separation method, and then adjusted with water to a solid content of 40% to obtain a dispersion of particulate adhesive 
resin A. 

[0200] The particulate material constituting the foregoing dispersion of particulate adhesive resin A exhibited an 
20 average particle diameter of 7.8 \im and a particle diameter distribution such that the amount of particles having a 
particle diameter of from 2 ^m to 20 }xm is not less than 85% by weight of all the particles. 



3S 



Preparation of ink compositton 


Particulate black resin [Artpearl C-800, produced by Negami Chemical Industrial Co.; Ltd.; average 


20.0 


particle diameter - 




6. 1 fim; particles having a particle diameter distribution such that the amount of particles having a 




particle diameter of from 2 pm to 20 nm is not less than 95.0% by weight of all the particles] 




Oispersbn of particle adheisive resin A 


■ 10.0 


Ethylene glycol 


10.0 


Penetrating agent [Acetynol EH, produced by Kawaken Finechemical Co., Ltd.] 


0.3 


Silicone-nribdified anti-foaming agent 


0.1 


Water 


59.6 


Total \ 


100.0 



[0201] The foregdng components were mixed, and then stirred by a disper until homogenei^^ 
an ink composition. 

[0202]/ The ink composition thus obtained exhibited a viscosity of 6.7 mPa -s (determined at 25'*C by an ELD type 
viscometer). 

EXAMPLE 7 

Preparation of dispersion of particuiate adhesive resin 

^ [0203] Into a 2-liter sepiarable flask were charged 480 parts of water in which 20 parts of a polyvinyl alcohol [Gosenol 
;GL-03, produced by The Nippon Synthetic Chemical Industry Co.. Ltd] were then dissolved to make a dispersant. 
[0204] To the foregoing dispersant was then added a coloring compositbn consisting of 10 parts of carbon black 
(Printex L. produced by Degussa-Huls Japan Co., Ltd.);60 parts of methyl methacrylate. 30 parts of ethylene glycol 
dimethacrylate and ZO parts d 2,2'-az6bisisobutyronitrile. The mixture 
^ having a partkile diameter of about 5 jim. The suspension was further stirred at a temperature of 70'*C for 6 hours 
■ during which it undiBHwent suspe^^^ 
[6205] "The react^^ 

to sdid-liquid-sepafiation.byxentrifugalieparation methods adjusted with water to a soiki co ntent of 50% to 

obtain a dispersion of particulate black resin A. ^' / . ■.■ ''v ; 

; ^ (0206] The particulate material constituting the foregoing dispersion of particulate black resin A exhibited an average ; 
/ particle diameter of 5.8 |im and a particl^ diameter distribution such that the amount of particles having a partwie 
diarneter of f rbm 24UT1 1 1 0 ^m 
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Preparation of particuiat adhesiv resin 

(0207^ The reaction procedur of Example 6 was followed except that the oil phase solution of particulate adhesive 
resin A was replaced by 73 pans of butyl aery late. 52 parts of ethyl methacrylate and 1 part of t-butyl peroxy pivalate. 
However, stirring was effected at 500 rpm until the average particle diameter of 4 pm was attained. 
[0208] Th paniculat adhesive resin thus obtained was then adjusted with water to a solid content of 40% to obtain 
a dispersion of particulate adh siv r sin B. 

[0209] The particulate adhesive resin constituting the dispersion B thus obtained exhibited an average particle di-' 
ameter of 4.8 )im and a particle diameter distribution such that the amount of particles having a panicle dlarneter of 
from 2 Jim to 10 Jim is not less than 90% by weight of all the particles. 



Preparation of ink composition 


Dispersion of particulate black resin A 


40.0 


Dispersion of particulate adhesive resin B 


7.0 


Ethylene glycol 


10.0 


Urea 


5.0 


Silicone-modified anti-foaming agent 


0-1 


Preservative (Proxel XL-2, produced by Zeneca Corp.) 


1.0 


Succinoglycan (organic acid-modified heteropolysaccharlde; average molecular weight: approx. 


0.2 


1,000.000 to 8,000,000) 




Phosphoric acid est«r-based surface active agent [Plysurf M208B. produced by Dai-ichi Kogyo Seiyaku 


0.5 


Co.. Ltd.] 




Water 


36.2 


Total 


100.0 



[0210] The foregoing components were mixed, and then stirred by a disper until homogeneity was attained to obtain 
an ink composition. 

[0211] The ink composition thus obtained exhibited a viscosity of 53 mPa • s (detenriined at 25°C and 100 rpm by 
an ELD type viscometer) and a shear-thinning Index (n) of 0.251 . 



EXAI^PLE 8 

Preparation of particulate cotored resin 

[0212] Into a 2-liter beaker were charged 480.0 parts of water In which 20.0 parts of a polyvinyl alcohol [Gosenol 
GL-03, produced by The Nippon Synthetic Chemical Industry Co.. Ltd.] were then dissolved to make a dispersant; 
[0213] To the foregoing dispersant was then added,a coloring composition consisting of 1 5 parts of a phthalocyanine- 
based blue organic pigrnent (Fastgen Blue 5007. produced by DAINIPPON INK & CHEMICALS. INC.). 85 parts of an 
epoxy resin (bisphenol A/diglycidylether-based epoxy resin; epoxy equivalent: 1 84 - 1 94) and 60 parts of ethyl acetate. 
The mixture was then stirred at a high speed to make droplets having a partk:le diameter of about 5 jim; The mixture 
was heated to a temperature of eO'C with stirring where a solution of 21 parts of an epoxy resin hardener (aliphatic 
polyamine) in 200 parts of water was then added dropwise thereto in about 1 hour. Subsequently, the reaction sotutton 
was heated to a temperature pt 80"C where it was then stirred for 5 hours to cause ethyl acetate to evaporate. 
[021 4] The reaction solution was allowed to coot to room temperature, washed with 1 ,000 parts of water, subjected 
to solid-liqukj separation by centrifugal separatbn method, and then adjusted with water to obtain a dispersion of 
particulate blue resin B having a solid content of 50% by weight 

[02li5] The particulate material constituting the dispersion B thus obtained exhibited an average particle diameter of 
6.7 ^m and a particle diameter distributbn such that the amount of particles having a partk:le diameter of from 2 ^m 
to 10 Is not less than 91% by weight of all the particles. 



PfQpafation-of-ink.composljtiqfv^^ 

: Oisperstofi of partfculate blue resin 8 . v-,- ' ' ' . : T'^~:~~^- ^26\Q— . 

Dispersion of particulate adhesive resin A * ? 12.0 

Elhylen glycol : - : 10.0, 

Silicon -fTOdlfied antl-foamffig agent . - • - . ' '• ■ • 'i; . /' ; Q-V 
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(continue<9 





Preparation of ink compositton 




Preservative (Proxel XL-2, produced by Zeneca C rp.3 


0 5 


5 


Hexaglyceryl monoisostearate {S Face IS-601. produced by Sakamoto Yakuhin Kogyo Co.. Ltd.; HLB; 
10.8] 


9.0 




Phosphoric acid ster-based surfac active agent [Plysurt M208B. produced by Dai-ichi Kogyo Seiyaku 
Co.. Ltd.] 


0.5 


TO 


Water 


31.9 


Total 


100.0 



[0216] Among these components, water and ethylene glycol were mixed. To the mixture was then added hexaglyceryl 
monoisostearate. To the mixture were then added the dispersion of particulate adhesive blue resin H and the dispersion 
IS of particulate adhesive resin G with stirring by a disper. To the mixture were then added the anti-foaming agent, pre- 
servative and lubricant Stirring continued to obtain an ink composifton. 

[0217] The ink composition thus obtained exhibited a viscosity of 58 mPa • s (determined at 25*C and 100 rpm by 
an ELD type viscometer) and a shear-thinning index (n) ot 0.271 , 

20 COfS^PARATIVE EXAMPLE 1 



[0216] 



2S 



Preparation of aqueous ink composition 


Carbon black-processed pigment (Sandye Super BLACK C. produced by Sanyo Colorworks, Ltd.; solkJ 


20.0 


content: 36%; average particle diameter 0.2 nm] 




Acryl emulsion (Boncoat 9404, produced by OAINIPPON INK & CHEMICALS, INC.; average particle 


20,0 


diameter: 0.1 ^m; glass transition temperature: 46*C] 




Ethylene glycol 


10.0 


Penetrating agent [Acetynol EH, produced by Kawaken Finechemical Co., Ltd.] 


0.3 


Water 


49.7 


Total 


100.0 



3S [0219] The foregoing components were mixed, and then stirred by a disper until homogeneity was attained to obtain 
an ink cornposition; 

[0220] The trtk compositbn thus obtained exhibited a viscosity of 3.4 mPa • s (detenmined at 2S*C by ah ELD type 
viscometer). 

40 COMPARATIVE EXAMPLE 2 



[0221] 



Preparation of aqueous ink composition 


Carbon blackisrocessed pigment [Sandye Super BLACK C. produced by Sanyo Colorworks, Ltd.; solid 


20.0 


content: 36%; average particle diameter 0.2 urn] 




Acryl emulsion (Boncoat ST-372. produced by OAINIPPON INK & CHEMICALS. INC.; average particle 


20.0 


diameter 0.2 ^m; iglass transition temperature: - irC] 




Ethylene glycol 


10.0 


Penetrating agent [Acetynol EH. produced by kawaken Rnechemical Co., Ltd.] 


0:3 


■ Water ;V:"V ^ 

Total -■: ,.V'.-' ■ ■ . " • — ' ■ 


49.7 
100.0 



^ [0222] • th foregoing components vyere mixed, and then stirred by a disper until hornogerieily was attained to obtain 
■an'inkcompositiof}:'' 

[0223] The .Ink conripbsition thus obtained exhibited a viscosity of 2.5 mPa -s (determined at 25**C by ari ELOiype 
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viscometer). 

COMPARATIVE EXAMPLE 3 
5 [0224] 



10 



15 



20 



30 



35 



40 



45 



Preparation of aqueous ink conr^position 



Particulate nonadhesive black resin {Art Pearl C-800; average particle diameter: 6.2 \im, produced by 
Negami Chemical Industrial Co., Ltd.] 

Styrene butadiene latex (Nipol 4850 A. produced by Nippon Zeon Co., Ltd.; average particle diameter: 0.3 
^m| 

Ethylene glycol 

Penetrating agent [SN Wet 366, produced by Sannopco Limited] 

Water 

Total 




[0225] The foregoing components were mixed, and then stirred by a disper until homogeneity was attained to obtain 
an ink composition. 

[0226] The ink composition thus obtained exhibited a viscosity of 8.2 mPa *s (determined at 25'*C by an ELD type 
viscometer). 



COMPARATIVE EXAMPLE 4 

Preparation of dispersion of particulate adhesive cotoired resin 

[0227] A dispersion of particulate adhesive red resin 3' was prepared in the same manner as in Example 2 except 
that the same composit'ion as that of the dispersion of particulate adhesive red resin B was stirred at a high speed to 
make droplets having a partk:te diameter of about 1 ^m. 

[0228] The particulate adhesive red resin thus obtained exhibited a glass transition temperature of - 32*0. an average 
particle diameter of 0.9 |im and a particle diameter distribution such that the amount of particles having a particle 
diameter of from 2 ^m to 20 ^m is not less than 29.0% by weight of ail the particles. 



Preparation of aqueous ink composition 

[0229] An ink composition was prepared in the same manner as in Example 2 except that 40 parts of the dispersion 
of particulate adhesive red resin B were replaced by 40 parts of the dispersion of particulate adhesive red riesin 8*. 
[0230] The ink composrtbn thus obtained exhibited a viscosity of 46 mPa -s (determined at 25^C and 100 rpnn by 
an ELD type viscometer) and a shear-thinning index (n) of 0.257. 

COMPARATIVE EXAMPLE 5 

Preparation of disperskjn of particulate adhesive colored resin 



[0231] A dispersion of particulate adhesive red resin 0* having a solid content of 50% by weight was prepared in the 
same rinanner as in Example 3 except that 10.0 parts of carbon black were replaced by C. I. Solvent Black 50 (Oleosol 
Black AR. produced by TAOKA CHEMICAL CO.. LTD.). 

[0232] The particulate material constituting the dispersion of adhesive black resin C* thus obtained exhibited a glass 
transitbn temperature of * 33'C, an average particle diameter of 5.3 ^m and a partk:le diameter distribution such that 
the amount of particles having a particle diameter of from 2 fxm to 10 pm is not less than 90.5% by weight of jail the 
partk:le8. 



Preparatron of-aqueous ink composition^ 



^ [0233] An ink composition was prepared In the same manner as in Exarhple 4 except that 40 parts of the disper^ibrt 
of particulate adhesive blue r sin 0 were replaced by 40 parts of the dispersion of particulat adhesive black resin C*. 
[0234] The ink compositksn thus obtairied exhibited a viscosity of 45 mPa * s (determined at 25°C and 100 rprn by 
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an ELD t^e viscomet r) and a shear-thinning index (n) of 0.250. 
COMPARATIVE EXAMPLE 6 

5 [0235] An ink composition was prepared in the same manner as in ExampI 6 except that 20 parts of the particulate 
black resin were replaced by 20 parts of a carbon black-processed pigm nt [Sandye Super BLACK C, produced by 
Sanyo Colorworks, Ltd.; solid content: 36%; average particle dtamel r: 0.2 ^im), 

[0236] The ink composition thus obtained exhibited a viscosity of 7.2 mPa s (detemriined by an ELD type viscometer 
at 25»CJ. 

i# 

COMPARATIVE EXAMPLE 7 

Preparation of dispersion of particulate colored resin 

IS [0237] A dispersion of particulate black resin A* having a solid content of 50% by weight was prepared in the same 
manner as in Example 7 except that the same composition as that of the dispersion of particulate colored resin A was 
stirred at a high speed to make droplets having a particle diameter of about 2 jim. 

[0238] The particulate material constituting the dispersran of particulate black resin A* thus obtained exhibited an 
average particle diameter of 2.8 ^m and a particle diameter distribution such that the aniount of particles having a 
20 particle diameter of from 2 pm to 10 ^irn is not less than 58% by weight of all the partwles. 

Preparatbn of disperj^on of particulate adhesive resin 

[0239] A dispersion of particulate adhesive resin A* having a solid content of 40% by weight was prepared In the 
25 same manner as in Example 6 except that the same composition as that of the dispersion of particulate adhesive resin 
A was stirred at a high speed to make droplets having a particle diameter of about 2 \ixr\. 

[0240] The particulate material constituting the dispersion of particulate adhesive A' resin thus obtained exhibited 
an average particle diameter of 2.3 pm and a particle diameter distribution such that the amount of particles having a 
particle diameter of from 2 fim to 10 jim is not less than 53.0% by weight of all the particles. 

30 

Preparation of ink composition 

[0241] An ink composition was prepared in the same manner as in Example 7 except that 40 parts of the dispersion 
of particulate black resin A and 7.0 parts of the dispersksn of particulate adhesive resin B were replaced by 40 parts 
35 of the dispersion of particulate black resin A' and 7.0 parts of the dispersion of particulate adhesive resin A*, respectively 
[0242] The ink compositran thus obtained exhibited a viscosity of 57 mPa^s (determined by an ELD ty^^ 
at 25**C and 100 rpm) and a shear-thinning index (n) of 0.269. 

COMPARATIVE EXAMPLE 8 

40 

Preparatkyi of dispersion of particulate adhesive resin 

[0243] A dispersbn of particulate adhesive resin B" having a solid content of 40% by weight was prepared in the 
same manner ias in Example 7 except that the same composition as that of the dispersron of particulate adhesive resin 
45 B was stirred at a high speed to make droplets having a particle diameter of about 2 pun. 

[0244] The particulate material constituting the dispersion of particulate adhesive resin B* thus obtained exhibited 
an average partk:le diameter of 3.2 \m and a partfcle diameter distributioii such that tfie aniount of particles having a 
particle diameter of from 2 ^m to 20 pirn is not less thatfi 61% by ^^^^^ 

so Preparatbn of ink composition 

■ ' [0 245] An irikcdmpositbn was prepared in the same nnanner as in Example 8 except that 12 parts of the dispersion 
hi particulate adhe5ive-resin-A-were replaced:bv-12 part s of the disper sigVQf particulate adhesive B', : 
[0246] The ink composition thus obtained exhibiteda viscosity of 61 mPa -s^deteiTTiined by an EL^ 
. ss at 9«;»r: and iOQ rpm^ and a shear4hinninq index (fi\ of Q:2S2. Preparation of sample marking peri 

[0247] The ink composhk^ns of Examples 1 and 6 aind Corriparative ExampI s 1 to 3 and 5 were each packed into 
a marking pen of the type including a valve riiechanism provided in an aluminum cylindrical holder arranged such that 
when a tip formed at the forward end of the pen by binding a bundle of fibers with aresin is pressed against the surface 
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of paper during writing, the ink in the cylindrical holder is then introduc d into th tip. Thus, sample mafVingpens were 
prepared 

Preparation of sample ball point p n 

5 

[0248] The ink c mpositions of ExampI s 2 to 5, 7 and 6 and Connparative ExampI s4, 5, 7and8w re each pack d 
into a ball point pen of the type including a stainless steel tip holding a hard metal baW having a diameter of 0.7 mm 
fitted at one end of a polypropylene cylindrical holder, an ink follower (silicone grease-based material) centrifu gaily 
packed close to the rear end of the ink pack and a rear plug fitted at the rear end of the holder Thus, sample ball point 
10 pens were prepared 

Erasability test and fretting resistance test 

[0249] Using the foregoing various sample pens, a circle having a diameter of 2 cm was continuously drawn on the 
15 surface of a report paper (f^/todel No. Re-116AN. produced by KOKUYO CO.. LTD.). The resulting writing was then 
rubbed with an eraser (STAR Radar, produced by Seed Rubber Industry Co., Ltd.] after 5 seconds and 1 day to judge 
difficulty in erasure. 

[0250] For the fretting resistance test, a filter paper (No. 2 filter paper, produced by ADVANTEC CO., LTD.) was put 
on the writing after 1 hour in an arrangement such that the smooth surface thereof faced the writing. The filter paper 
20 was then reciprocally slid along the writing 10 times under a load of 45.5 g/cm^ to judge the fretting resistance of the 
writing. 

[0251] The results^f erasability test and fretting resistance test, the average partrcle diameter of the particulate 
adhesive colored resin, particulate colored resin and particulate adhesive resin (Comparative Examples 1 to 3 include 
a coloring agent and a particulate resin), the form of writing materials and the color tone of writing are set forth in the 
2S tables below. 



Table 1 



Example No. 


Erasability test 


Fretting 
resistance 
test 


Average 
particle 
diameter of 
particulate 
adhesive 
colored resin 


Form of writing 
materials 


Color tone of 
writing 


Erasability 
after 5 
seconds 


Erasability 
after 1 day 


Example 1 


o 


O 


A 


Q.2\xm 


Marking pen 


Black 


Example2 


P 


o 


O 


5.8 \im 


Bali point pen 


Red 


Examples 


O 


O 


o 


5.6 Jim 


Ball point pen 


Black 


Example 4 


0 


O 


O 


6.5 fim 


Bail point pen 


Blue black 


Example 5 


o . 


o 


O 


6.5 Jim 


Ball point pen 


Yellow 
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Table 2 



s ' 


ExampI 
No. 


dadaUllliy I Ski 


Fr tting 
resistanc 
test 


MVcictU 

panici 
diameter of 
particulate 

colored 
resin 


partici 
dtameterof 
particulate 
adhesive 
resin 


r Willi (Jl 

writing 
materials 


Color tone 
of writing 


10 




Erasabiltty 
afters 
seconds 


Erasability 
after 1 day 












IS 


Example 6 


0 


0 


O 


6.1 ^m 


7.8 Mm 


Marking 
pen 


Black 


Example 7 


0 


O 


O 


5.8 fim 


4.8 fim 


Ball point 
pen 


Black 




Example 8 


O 


O 


O 


6.7 Jim 


4.8 ^xm 


Ball point 
pen 


Blue 


20 


































Table 3 








2$ 


Example No. 


Erasability test 


Fretting 
resistance 
test 


Average 
particle 
diameter of 
coloring 
agent 


Average 
particle 
diameter of 
particulate 
resin 


Form of 
writing 
materials 


Color tone 
of writing 


30 






Erasability 
after 5 
seconds 


Erasability 
after 1 day 














Comparative 
Example 1 


X 


X 


O 


0,2 \im . 


0.1 \m 


Marking pen 


Black 


35 


Comparative 
Example 2 


X 






0.2 ^im 


0.2 \m\ 


Marking pen 


Black 




Comparative 
Example 3 


o . 


d 




6.2fim 


0.2 \m 


Marking pen 


Black 


40 


Comparative 
Example 4 


X 


X 


o 


0.9 




Ball point 
pen 


Red 




Comparative 
Examples 


Q 


X 


o 


5.3 um 


Ballpoint 
pen 


Black 


45 


'Regarding to Comparative Examples 4 and 5. the average particle diameter of particulate adhesive resin is 

described:''' ■ . 



/■so... 
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Table 4 



5 


Exannpl No. , 


Erasability t st 

■ 


Fretting 
resistance 

t St 


Averag 

partici 
diamet rof 
particulate 

colored 
resin 


Average 
particle 
diameterof 
particulate 
adhesive 
resin 


rorm of 
writing 
nr^terials 


Color ton 
of writing 


10 




Erasability 
after 5 
seconds 


Erasability 
after 1 day 












IS 


Comparative. 
Examples 


X 


X 


0 


0.2 ^im 


7.8 fim 


Marking 
pen 


Black 


Comparative 
Example? 


X 


X 


O 


2.8 ^m 


2.3 ^im 


Ball point 
pen 


Black 




Comparative 
Examples 


A 


X 


O 


6.7 urn 


3.2 nm 


Ball point 
pen 


Blue 



20 

[0252] The judigment symbols for erasability and fretting resistance in the tables above indicate the following: 



Erasability 
25 [0253] 

O: Easily erased; 

A : Erased by 10 times rubbing but writing left slightly; 
X: Not erased by 10 times rubbing 

30 

Fretting resistance 
[0254] 

^ O: Little or no peeling of writing; 

A: Writing slightly peeled but can be sufficiently recognized 
X: Writing nrwstly peeled and cannot be recognized 

[0255] Examples and comparative examples of the ink composition including the particulate thermoplastic cobred 
^ resin and particulate adhesive resin of the present invention and the ink composition including the particulate adhesive 
colored resin and partk:ulate thermoplastic resin of the present invention will be described hereina 

EXAMPLE 9 

^ Preparatton of particulate themroplastic colored resin 

[0256] 80 parts of a styrene-butyl acrylate-maieic acid copolymer (monomerratio: 70 : 20 : 10^ 
styrene and 10 parts of carbon black [MA-100. produced by Mitsubishi Chemical Corporation) were mixed, melt-knead- 
ed over a heat roll mill, cooled, coarsely ground by a hammer mill, finely ground by a jet mill, and then classified by an 
5^ air classifier to obtain a particulate thermoplastic black resin A. 

[0257] The particulate thermoplastic black resin A thus obtained exhibited an average panics 
. l__^a_sqfteningpotnt of 1 30'C, Ml value of 3:0 and a particle diameter distributfon such that the arnount of particles having 
a particlediatfrTetS^f from~2^ 

^ Preparatkxi of particulate adhesive resin 

[025S] The same composition as in Exanple 6 was procesised in th same rnanner as in Exarhple 6 to 6b 



25 
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dispersion of particulate adhesive resin C. 

[0259] Th particulate material constituting the dispersion of particulate adhesive resin C thus obtained exhibited an 
average particle diameter of 5.8 fxm and a particle diameter distribution such that the amount of particles having a 
particle diamet r of from 2 ^m to 20 ^m is not less than 85% by weight of all the particles. 

5 

Preparation of ink composition 

[0260] 20 parts of the dispersion of particulate thermoplastic black resin A. 10 parts of the dispersion of adhesive 
resin C, 1 0.0 parts of ethylene glycol, 0.3 parts of a penetrating agent (Acetynoi EH, produced by Kawaken Finechemical 
10 Co., Ltd.], 0.1 parts of a silicone-modified anti-foaming agent and 59.6 parts of water were mixed, and then stirred by 
a disper until homogeneity was attained to obtain an ink compositton. 

[0261] The ink composition thus obtained exhibited a viscosity of 6.7 mPa • s (determined by an ELD type viscometer 
at 25°C). 

IS EXAMPLE 10 

Preparation of particulate adhesive colored resin 

[0262] 2.000 parts of a poIyoxypropylene(2 •2)-2 ^-bislA-hydroxyphenyljpropane and 28 parts of glycerin were 
20 poured into a four-necked round flask equipped with a stirring rod, a thermometer, an intake tube and a condenser. 
Nitrogen gas was then introduced into the flask through the intake tube to keep the interior of the flask in an atmosphere 
of nitrogen. The flasKjvas then heated by a mantel heater to heat the mixture to a temperature of 52^0. To the mixture 
were then added 750 parts of fumaric acid and 1 .2 parts of hydroquinone. The mixture was heated to a temperiature 
of 200°C where it then continued to undergo reaction for about 10 hours while the water of reaction being removed. 
25 [0263] The foregoing mixture was allowed to cool to room temperature, subjected to soIid*liquid separation, and then 
dried to obtain a thermoplastic polyester resin. 

[0264] 100 parts of the foregoing polyester resin and 20 parts of a phthalocyanine-based blue organic pigment (Fast- 
gen Blue 5007, produced by DAINIPPON INK & CHEI^ICALS, INC.) ware mixed, melt-kneaded over a heat roll mill, 
cooled, coarsely ground by a hammer mill, finely ground by a jet mill, and then classified by an air classifier to obtain 
30 a particulate thermoplastic blue resin B. 

[0265] The particulate thermoplastic blue resin B thus obtained exhibited an average particle dianneter of 6.3 \im, a 
softening point of 1 40" C. Ml value of 2.0 and a particle diameter distribution such that the amount of particles having 
a particle diameter of from 2 ^nn to 1 0 ^m is not less than 96.0% by weight of all the particles. 

35 Preparation of particulate adhesive resin 

. [0266] the reaction procedure of Example 6 was followed except that the oil phase solution of particulate adhesive 
resin A was replaced by 110 parts of 2-ethylh6xyl acrylate. 20 parts of butyl methacrylate. 1 part of divinylbenzene and 
2 parts of 2.2'-azobisisobutyronitrile. 
40. [0267] However, stirring vras effected at 500 rpm until the average piarticle diameter of 4 JOT 
[0268] The particulate adhesive resin thus obtained was then adjusted with water to a solid 
a dispersion of particulate adhesive resin p. 

[0269] The partk:ulate material constituting the dispersion of partk:ulate adhesive resin D thus obtained exhibited an 
avisrage particle diameter of 4.2 jim and a particle diameter distribution such that the amount of particles having a 
45 particle diameter of from 2 jxm to lO^m is not less than 98.0% by weight of ^^^^ 

Preparation of ink composltkyi 

(02i7b] 20 parts of a particulate thenrioplastic blue resin B. 7 parts of the dispersion of pa^^^^ 
so 10 parts of ethylene glycol, 5 parts of urea, 0, 1 parts of a sitkxne-modified anti-foaming agent, 0.2 parts of a presen/ative 
(Prbxel XL-2, produced by Zeneca Corp.), 0.2 parts of succinoglycan (organic acid-modified hoteropolysaccharide; 
average mdlecular weight: approx. 1 .000.000 to 8,000.000), 0.2 parts of a phosphoric acid ester^ased surtactaht 

- ^JPIvsurf M2Q88, p roduced by Dai-ichi Kogyo Seiyaku Cd, Ltd.], 1 part of triethanolamihe polyoxylaurylethersulfg^te . 

(SBL-4T. produced by Nikko ehemk:als Co.. Udj^aid S5.'5"pTtslDf v^ter^w^ 
,55 ; homogeneity was at^iined to obtain an ink COT 

(0271] The irik cornposilkjn thus obtained exhibited a yiscps'^^ 
: an ELD type viscorneter) and a shear^inning index (h) of 0.251 . ^ ^ ^ ' . . 
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EXAMPLE 11 

Preparation ot particulate thermoplastic colored resin 

5 [0272] Into a 2-liter separable flask wer poured 600 parts of water in which 0.2 parts of sodiunn iaury Isulf ate and 20 
parts of methyl cellulos [Metros 90SH-100. produced by Shin-Etsu Chemical Co,. Ltd.] wer th n dissolved to make 
a disp rsant. 

[0273] To the foregoing dispersant was then added an oil phase solution consisting of 20 parts of a red organic ^ 
pigment (CINQUASIA Scarlet RT-787-0. produced by Ciba Geigy Inc.). 115 parts OT styrene, 25 parts of butyl acryiate, 
10 0.05 parts Of 1 ,6-hexanediol diacrylate. 3 parts of 2,2'-a2obisisobutyronitrile and 30 parts of toluene. The mixture was 
then stirred at 400 rpm to make droplets having an average particle diameter of about 6 pm. Subsequently, in an 
atmosphere of nitrogen, the suspension was heated to a temperature of 70" C where stirring continued for 6 hours 
during which the reaction mixture was subjected to suspension polymerization. 

[0274] The reaction solution was heated to a temperature of 1 OO'C where toluene and residual monomers were then 
IS azeotropically distilled off. The reaction solution was allowed to cool to room temperature, washed with 2,000 parts of 
water, subjected to solid-liquid separation by centrifugal separation method, and then adjusted with water to a solid 
content of 50% by weight to obtain a dispersion of particulate thermoplastic red restn C. 

[0275] The particulate material constituting the dispersion of particulate thermoplastic red resin C thus obtained 
exhibited an average particle diameter of 6.1 jim, a softening point of lAe^C. Ml value of 2.0 and a particle diameter 
20 distribution such that the amount of particles having a particle diameter of from 2 ^m to 10 ^un is not less than 85% by 
weight of all the particles. 

Preparation of partk:uiate adhesive resin 

2S [0276] The reaction procedure of Example 6 was followed except that the oil phase solution of particulate adhesive 

resin A was replaced by 78 parts of butyl acryiate. 52 parts of ethyl methacrylate and 1 part of t-butyl peroxy pivatate. 

However, stirring was effected at 500 rpm until the average particle diameter of 4 jim was attained. 

[0277] The particulate adhesive resin thus obtained was then adjusted with water to a solid content of 40% to obtain 

a dispersion of particulate adhesive resin E. 
30 [0278] The particulate material constituting the dispersbn of particulate adhesive resin E thus obtained exhibited an 

average particle diameter of 4.8 ^m and a particle diameter distribution such that the amount of particles having a 

particle diameter of from 2 jam to 10 pxr\ is not less than 90% by weight of all the particles. 

Preparation of ink composition 

[0279] To 10 parts of ethylene glycol were added 5.2 parts of dioctylsodium sullosuccinate [OTP-100, produced by 
Nikko Chemicals Co.. Ltd.] and 7.7 parts of amidepropyldimethylamino acid betain of palm oil aliphatic acid [AM-31 30N. 
produced by Nikko Chemicals Co., Ltd.]. To the mixture were then added 36 parts of the dispersion of particulate 
thermoplastic red resin C, 8 parts of the dispersion of particulate adhesive resin £ and 32.5 parts of water with stirring 
40 by a disper. To the mixture were then added 0.1 parts of a silkxsne-modified anti-foaming agent and 0.5 parts of a 
preservative (Proxel XL-2, produced by Zeneca Corp.). The mixture was then stirred to obtain an ink compos 
[0280] The ink composition thus obtained exhibited a viscosity of 81 mPa -s (determined at 25°C and 100 rpm by 
an ELD type viscometer) and a shear-thinning index (n) of 0.283. 

45 EXAMPLE 12 

Preparation of dispersion of particulate adhesive coloired resin 

[0281] Intoa2-literseparablenaskwerecharged480partsof water in which 20 parts of a poly^^ 
so 01-03. produced by The Nippon Synthetic Chemical Industry Co.. Ltd.] were then dissolved to nniake a dispersant. 

[0282] To the foregoing dispersant was then added an oil phase solution consisting of 8 parts of 

U produced by Oegussa-Huls Japan Co., Ltd.). 45 parts of butyl acryiate, ^4^ 
" ' • and 2 parts of 2.2' -azobisisobutyronitrile. The mixture was then stirred at 400 rpm to make droplets having an average 

particle diameter of abblit'SunrSubsequently.^in^ was heat edtoa temper- 

55 ature of 70'C where stirring continued for 6 hours during whteh the reaction mixture was subjected to suspension 

pplymerizatkxi' '" ■ • : •. '\ ''' -'Cy^-^'- ^ ■ 

[0283] The reaction solution was th h allowed tp cool to rooiTi tem^ 

1.000 parts of water, subjected to solid-liqiJki is paration by centrifugal iseparation method, and then adjusted with ' 
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water to a solid content of 50% to obtain a disp rsion of particulat adhesive black resin £. 

[0284] The particulate material constituting the foregoing dispersion of particulate adhesive black resin E exhibited 
an average particl diameter of 9. 1 \im and a particle diameter distribution such that th amount of particles having a 
particle diameter of from 2 to 20 fim Is not less than B2% by weight of all th particles. 

5 

Preparation of dispersion of particulate th rmoplastic r sin 

[0285] 2.000 parts of a polyoxypropylene(2 ■2)-2 •2-bis(4-hydroxyphGnyl)propane and 45 parts of a polyoxypropylene 
(6)sorbitol were poured into a tour-necked round flask equipped with a stirring rod, a thermometer, an intake tube and 
10 a condenser. Nitrogen gas was then introduced into the flask through the intake tube to keep the interior of the flask 
in an atmosphere of nitrogen. The flask was then healed by a mantel heater to heat the mixture to a temperature of 
52**C. To the mixture were then added 730 parts of fumaric acid and 1,2 parts of hydroquinone. The mixture was healed 
to a temperature of 200*C where it then continued to undergo reaction for about 10 hours while the water of reaction 
being removed. 

IS [0286] The foregoing mixture was allowed to cool to room temperature, subjected to solid-liquid separation, dried, 
coarsely ground by a hamrrter mill, finely ground by a jet mill, and then classified by an air classifier to obtain a particulate 
thermoplastic resin A. 

[0287] The particulate thermoplastic resin A thus obtained exhibited an average particle dianneter of 7.4 ^m, a sof- 
tening point of 130"C. Ml value of 6.0 and a particle diameter distribution such that the anrK)unt of particles having a 
20 particle diameter of from 2 ^m to 20 |im is not less than 78% by weight of all the panicles. 

Preparation of ink coi^iposition 

[0288] 40 parts of the dispersion of particulate adhesive black resin E. 8 parts of the particulate thermoplastic resin 
zs A, 1 0 parts of ethylene glycol. 0.3 parts of a penetrating agent (Acetynol EH, produced by Kawaken Finechemical Co.. 
Ltd.], 0.1 parts of a silicone-modified anti-foaming agent and 41.6 parts of water were mixed, and then stirred by a 
disper until homogeneity was attairied to obtain an ink composition. 

[0289] The ink composition thus obtained exhibited a viscosity of 7.2 mPa • s (determined at 25*0 by an ELD type 
viscometer). 

30 - ' 

EXAMPLE 13 

Preparation of particulate adhesive colored resin 

35 [0290] Into a 2-lrter separable flask were charged 475 parts of water in which 25 parts of a polyvinyl alcohol [Qosenol 
GLr03. produced by The Nippon Synthetic Chemical Industry Co.. Ltd.] were then dissolved to make a dispersant. 
[0291] To the foregoing dispersant was then added an oil phase solutbn consisting of 11 parts of a red organic 
pigment (CINQUASIA Scarlet RT-787-D, produced by Ciba Geigy Inc.), 80 parts of butyl acrylate, 4 parts of methyl 
rnethacrylata. 5 parts of ethylene glycol dimetiiacrylate and 2 parts of t-butyl peroxy pivalate. The nnixture was then 

40. stirred at 400 rpm to make droplets having an average particle diameter of about 6 ^m. Subsequently, in an atmosphere 
of nitrogen Jhe suspensbn was heated to a temperature of 70*'C wttere stirring continued for^^ 
reactidn.mixture was subjected to suspenslori polymerization, 
[0292] The reaction solutkpn was allowed to cool to ixxjm te 

to solid-liquid separation by centrifugal separation method, and then adjusted with water to a solid content of 50% by 
^ weight to obtain a dispersion of particulate adhesive red resin R 
; [0293] The particulatei nriaterial constituting the dispersi^ 
ian average particle diameter of 5.8 prn and a particle diameter distribution such that the anraunt of particles haying a 
particle diameter of from 2 

so Preparation of oartfculate thermoplastic resin 

[0294] Into a 2-litar separable flask were charged 600 parts of water in which 0.2 parts of so^^ 
;2p'parts-of:nriethyl cellulosQ.(f^e^^ by Shin-Etsu Chemical Co.. Ltd.) were then dissolved to 

.■;makea dispersant./; -^/^ y . " ■ ■■■i. ~^^'7^~~^7~~^- — — ' ; ' ' ■ '■ 

ss [0295] To the foregoing dspersant was then added a mixture oH 34 parts of st^^^ 
. / - partsof 2.2*-azobislsobutyronitrile. Stirring contih^ ^^ V :; 

:,of about 6 Jim. Subsequently, the suspension was heated to a temperature of TO'C in an atmosphere of nitrogen foi', ... ' 
6 hours during which it underwent suspension ^p^^ . ^ 
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[0296] The reaction solution was then allowed to cool to room temperature. The reaction solution was washed with 
2,000 parts of wat r, subjected to solid-liquid separation by centrifugal separation method, and then adjusted wiTh 
wat r to a solid cent nt of 50% to obtain a dispersion of particulate thermoplastic resin B. 

[0297] Th particulate material constituting the foregoing dispersion of particulate thermoplastic resin B exhibited an 
5 average partici diameter of 6.4 ^m, a softening point of 125'*C, f^l value of 15.0 and a particle diameter distribution 
such that th amount f particles having a particle diameter of from 2 pm to 10 pm is not less than 93% by weight of 
all the particles. 

Preparation of ink composition 

10 

[0296] 36 parts Of the dispersion of particulate adhesive red resin F. 10 parts of the particulate thermoplastic resin 
6. 10 parts of ethylene glycol, 5 parts of urea. 0.1 parts of a silicone-modified anti-foaming agent, 1 part of a preservative 
{Proxel XL-2, produced by Zeneca Corp,), 0.2 parts of succinoglycan (organic acid-modified heteropolysaccharide; 
average molecular weight: approx. 1,000,000 to 8.000.000). 0.2 parts of a phosphoric acid ester-based surfactant 
IS [Plysurf M208B. produced by Dai-ichi Kogyo Seiyaku Co., Ltd.], 1 part of sodium laurylsulfate [SLS, produced by Nikko 
Chemicals Co., Ltd.] and 36.5 parts of water were mixed, and then stirred by a disper until homogeneity was attained 
to obtain an ink corr\positloa 

[0299] The ink compositran thus obtained exhibited a viscosity of 51 mPa -s (determiniad at 25'C and 100 rpm by 
an ELD type viscometer) and a shear-thinning Index (ri) of 0.224. 

20 

EXAMPLE 14 

Preparation of particulate adhesive colored resin 

2S [0300] Into a 2-liter separable flask were charged 485 parts of water in which 0.2 parts of sodium laurylsulfate and 
15 parts of Metrose 90SH-100 (nniethyl cellulose, produced by Shin-Etsu Chemical Co.. Ltd.] were then dissolved to 
make a dispersant 

[0301] To the foregoing dispersant was then added a coloring composition consisting of 10 parts of carbon black 
(Printex U produced by Degussa-Huls Japan Co.. Ltd.), 81 parts of butyl acrylate, 5.4 parts of methyl methacrytate, 

30 3.6 parts of ethylene glycol dimethacryiate and 2 parts of 2,2'-a2obisisobutyronitrile. Stirring continued at 400 rpm until 
the average particle diameter reached about 5 ^m. Subsequently, the suspension was heated to a ternperature of ZO^'C 
in an atmosphere of nitrogen for 6 hours during which it underwent suspension polymerization. 
[0302] The reactton solution was then allowed to cool to room temperature. The reaction solution was diluted with 
1,000 parts of water, subjected to solid-lk:|uid separation by centrifugal separation method, and then adjusted with 

3S water to a solid content of 50% to obtain a dispersion of particulate adhesive black resin Q. 

[0303] The particulate material constituting the foregoing dispersion of particulate adhesive black resin G exhibited 
an average particle diameter of 5.4 \wr\ and a particle diameter distribution such that the amount of particles having a 
partrcle diameter of from 2 to 10 Is not less than 84% by weight of all the particte^^ 

40 Preparation of ink composition 

[0304] . An in k composition was prepared in the same manner as In Example 1 1 except that the dispersbn of particulate 
thermoplastic red resin C, the dispersion of particulate adhesive resin C and water were replaced by 36 parts of the 
dispersion of particulate adhesive black resin Q. 16 parts of the dispersion of particulate thermoplastic resin B and 
45 24.5 parts of water, respectively. 

[0305] The ink compositksn thus obtained exhibited a viscosity of 79 mPa • s (determined at 25'*C and 100 rpnni by 
an EMO type viscometer) and a shear-thinning index (nj of 0.291 . 

. Preparation of particulate thermoplastfe cofored resin 
so ■ • ^ ■ ' V- , _ ; \ 

[0306] The particulate thermoplastic black resin A of Example 9 was further finely ground to obtain a particulate 
thermoplastic black resin A\ 

^ ' to3Q'n ~^TT^9"P^^'^"*^^Q^®^^P^^^'^ obtained exhibite d an averaige particle diameter of 3.0 jxm, 

a softening point of 130'*C. Ml value of 9.0 and particles having a particle diarfrnterndistributlon such ttiat the;arnp^ 
ss of particles having a particle diameter of less than 2 furi is 39% by weight of all the particles and partictes having a 
particle diameter distribution such that the amount of particles having a partici diameter frorti 2 ^m to 20 \m} is 61% 
by weight of ill the iparticles. , ' ■ ^ , ^ 
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Preparation of ink composition 

[0308] An ink composition was prepared from the same composition m Th same manner as in Example 9 except 
that the particulat thermoplastic black resin A was replaced by the particulate thermoplastic black resin A*, 
s [0309] The ink composition thus obtained xhibited a viscosity of 7. 1 mPa • s (determined by an ELD type viscomet r 
at 25'*C). 

COMPARATIVE EXAMPLE 10 

10 [0310] An ink connposition was prepared from the same composition in the same manner as in Example 10 except 
that the particulate adhesive resin D was replaced by an aery I emulsion (Boncoat ST-372, produced by DAI NIPPON 
INK & CHEMICALS. INC.; solid content: 40%; average particle diameter 0.2 ^m; particles a particle diameter distri- 
bution such that the amount of particles having a particle diameter of from 2 ^m to 1 0 ^m is not iess than 2% by weight 
of all the particles]. 

IS [0311] The ink composition thus obtained exhibited a viscosity of 52 mPa - s (determined at 25'C and 100 rpm by 
an ELO type viscometer) and a shear-thinning index (n) of 0.248. 

COMPARATIVE EXAMPLE 11 

20 [0312] An ink composition was prepared from the same composition in the same manner as in Example 2 except 
that the particulate thermoplastic blue resin B was replaced by a particulate thermosetting black resin [Artpearl C^OO, 
produced by Negannj^hemical Industrial Co., Ltd.; average particle diameter 6.1 ^m; particles having a particle di- 
ameter distribution such that the amount of particles having a particle diameter of from 2 pm to 20 pm is hot less than 
95% by weight of all the particles]. 

25 [0313] The ink composition thus obtained exhibited a viscosity of 54 mPa • s (determined at 25*C and 100 rpm by 
an ELD type viscometer) and a shear-thinning index (n) of 0.254, 

COMPARATIVE EXAMPLE 12 

30 Preparation of particulate thermoplastic cobred resin 

[0314] A dispersion of thermoplastb red resin C* having a solid content of 40% by weight was prepared in the same 
manner as in Example 2 except that 115 parts of styrene. 25 parts of butyl acrylate and 0.05 parts of 1 ,6-hexanediol 
diacrylate used in the preparation of the dispersion of particulate thermoplastic red resin were replaced by 11 2 parts 
3S of styrene. 28 parts of butyl acrylate and 0.6 parts of divinylbenzene, respectrvety. 

[0315] The particulate material constituting the dispersion of particulate thermoplastic red resin C exhibited an av- 
erage particle diameter of 5.8 ^m. a softening point of 210*'C, Ml value of 0.05 and a particle diameter distribution such 
that partrcles having a particle diameter distribution such that the amount of particles having a particle diameter of from 
2 ^m to 1 0 ^ is not less than 92% by weight of all the partk:les. 

40 

Preparation of Ink composition 

[0316] An ink compositkin was prepared from the same compositkxi in the same manner as in Example 11 except 
that 36 parts of the dispersion of particulate thermoplastic red resin C were replaced by 36 parts of the dispersksn of 
45 partk:ulate themrwplastic red resin CV 

[0317] The ink corhposKkjnthtis obtained exhibited a viscosity of 85 mPa-B 
at 25'C and 100 rpm) and a shear-thinning index (n) of 0.292. 

, COMPARATiVE EXAMPLE 13 

[0318] A disperskjn of partrciilate adhesive black resin E' havjng a solid content of 50% by weight was prepared in 
the same manner as in Example 1 2 except that the dispersksn of particulate adhesive black resin E thus prepared was 
"'stirred at a high speed tO-make.dropletsJha\m particle diameter of about 2 ^m. 
[0319] The particulate mateirial thus obtained e)diibited an average paftide diarneter of72.-1^fri and a particle diameter 
. 55 distribution such that the amount of particies having ai particle diameter of less than 2 pm is 45% by weight of all the 
partk:tesandth amount of partcles having a particl diameter of from 2 pm to 20 ^m is 55% by weight of alj the particles. 
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Preparation of ink composition 

[0320] An ink compositbn was prepared in the same manner as in Example 4 except that 40 parts of the dispersion 
ofparticulat adhesive black resin E of Examp I 12 w r replaced by 40 parts of the dispersion of particulate adh sive 
5 black resin E*. 

[0321] The inkcomposition thus obtain d xhibited a vise sity of 7.9 mPa - s (determined by an ELD type viscomet r 
at 25''C). 

COMPARATIVE EXAMPLE 14 

10 

[0322] A dispersion of particulate thermoplastic resin B* having a solid content of 50% by weight was prepared in 
the same manner as in Example 13 except that the dispersion of particulate thermoplastic resin B thus prepared was 
stirred at a high speed to make droplets having a particle diameter of about 2 ^m. 

[0323] The particulate material constituting the dispersion of particulate resin B' thus obtained exhibited an average 
IS partrcte diameter of 2.2 pm, a softening point of 125**C, Ml value of 15.0 and a particle dianieter distribution such that 
the amount of particles having a particle diameter of less than 2 ^im is 47% by weight of all the particles and the amount 
of particles having a particle diameter of from 2 jim to 1 0 jim is 53% by weight of all the partrcles. 

Preparation of Ink composition 

[0324] An ink composition was prepared in the same manner as in Example 1 3 except that 10 parts of the dispersion 
of particulate thermoQjastic resin B were replaced by 10 parts of the dispersion of particulate thermoplastic resin B*. 
[0325] The ink composition thus obtained exhibited a viscosity of 58 mPa • s (determined by an ELD type visconrieter 
at 25*'C and 100 rpm) and a shear-thinning index (n) of 0.241. 

25 

COMPARATIVE EXAMPLE 15 

Preparation of particulate thermoplastk: resin 

30 [0326] A dispersion of thermoplastk: resin B" having a solid content of 50% by weight was prepared in the same 
manner as in Example 1 3 except that 1 34 parts of styrene and 6 parts of butyl acrylate used in the preparation of the 
dispersion of particulate thermoplastic resin B were replaced by 136 partsof styrene. 4 parts of butyl acrylate and 0.08 
parts of divinylbenzene, respectively. 

[0327] The particulate material constituting the dispersion of particulate resin B" exhibited an average particle diam- 
3S eter of 6.7 pm. a softening point of 1 90'C, Ml value of 0.3 and a partfcle diameter distributron such that the anrwunt of 
parttoles having a particle diameter of from 2 jim to 1 0 pm is 91% by weight of all the particles. 

Preparatkan of ink composition 

40 [0326] An ink composition was prepared in the same nrianner as in Example 14 except that 16 parts of the dispersion 
of particulate thermoplastk: resin B were replaced by 16 parts of the dispersion of particulate thermoplastic resin B". 
[0329] The ink compositton thus obtained exhibited a viscosity of 83 mPa • s (determined by an ELD type viscometer 
at 25''C and 100 rpm) and a shear-thinning index (n) of 0.298. 

45 Preparation of sample maricing pen 

[0330] The ink compositions of Examples 9 and 12 and Comparative Examples 9 and 13 were each packed into a 
marking pen of the same type as mentbned above to prepare sample nnaricing pens. „ 

so Preparatkan of sample ball point pen . 

[0331] Theinkcomposilionsof Examples 10, 11. 13 and 14 and Comparative Examples 10^^ 
— ~ — each packed into a ballpoint pefVoL ttie sauTie t y p as mentioned abov e to prepare sainple ball point pens. 

; 55 Erasability test; fretting resistance test and heat fixabilrtv test 

[0332] Using the foregoing varkDus sannipl pens/acirclehavingadiameterof 2 crh was continuously dmwn on the 
surface of a report paper (Model No. Re-116AN, produced by KGKUYO CO.. LTD.), The / suiting writing was then 
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rubbed 10 times with an eraser. (STAR Radar, prcxJuc d by Seed Rubber Industry Co.. Ltd.] und r a load of 2.0 kg 
applied to the end face thereof (area: 1 .7 cm?) after 5 seconds and 1 day. In this mann r. the writing was visually 
observed for its erasability. 

(0333] For th fretting resistance test, the writing was allowed to stand for 1 hour. A filter paper (No. 2 filler paper. 
5 produced by ADVANTEC CO.. LTD.) was then put on the writing in an arrangement such that the smooth surface 
thereof faced th writing. The filter paper was then reciprocally slid along the writing 10 times under a load of 45.5 g/ 
cm2 In this manner, the writing was visually observed for fretting resistanc 

[0334] For the heat fixability test, a circle having a diameter f 2 cm was continuously drawi^. on the surface of a 
report paper (Model No. Re-116AN, produced by KOKUYO CO., LTD.). The sheet of paper on which writing had been 

JO made was then put on the intake port (n^nual tray) of a copying machine (Canon NP6045). Subsequently, copying 
was made with no original sheet placed on the exposure table. In this manner, the sheet of paper on which writing had 
made was heated in contact with the heat roller in the copying machine. The writing thus heated was then rubbed 10 
times with an eraser (STAR Radar, produced by Seed Rubber Industry Co., Ltd.] under a load of 2.0 kg applied to the 
end face thereof (area: 1 ,7 cm^), in this manner, the writing was visually observed for ftxability. 

IS [0335] The results of erasability test, fretting resistance test and heat-fixability test, the form of writing materials and 
the color tone of writing of the foregoing examples and comparative examples are set forth in the tables below 



Table 5 



2S 



Example No. 


Rubber- 
erasability test 


Fretting 
resistance test 


Heat-Hxability 
test 


Form of writing 
materials 


Color tone of 
writing 


Example 9 


O 


O 


O 


Marking pen 


Black 


Example 10 


O 


O 


O 


Ball point pen 


Blue 


Example 11 


O 


0 


o 


Ball point pen 


(Red 


Example 12 


O 


O 


O 


Marking pen 


Black 


Example 13 


O 


0 


O 


Ball point pen 


Red 


Example 14 


O 




O 


Bali point pen 


Black 



(01351 



Table 6 



35 


Example No. 


Rubber- 
erasability test 


Fretting 
resistance test 


Heat-fixability 
test 


Form of writing 
materials 


Color tone of 
writing 




Compairative 
Example 9 V 




O 


O 


Marking pen 


Black 


40 


Comparative 
Example iO 


X 


o 


o 


Ball point pen 


Blue 




Comparative 
Exarhple 11 


Q 


o 




Ball point pen 


Blue 


45 


Comparative 
Example 12 




O 




Ball point pen 


Red 




Comparative 
Example 13 




O 


.';.o- 


Marking pen 


Black 


SO 


Comparative 
Example 14 


■ o 


O 


A 


Ball point pen 


Red 




Comparative 
Example 15 




O 


■ ■■ ^ 


Ball point pen 


Black 



[0336] The judgment symbols for erasability. fretting resistance and heat-fixability in the tables above indk:ate the 
following:. _ ,. 
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[0337] 

5 O: Easily erased; 

X: Not eras d by 10 tim s rubbing 

Fretting resistanc 

10 [0336J 

O: Little or no peeling of writing; 

Heat-fixab?ntg 

(0339] 

O: Little or no peeling of writing; 

A: Writing slightly peeled but can be sufficiently recognized 
20 X: Writing mostly peeled and cannot be recognized 

[0340] The ink corx]gositlon of the present inventbn includes a particulate adhesive colored resin or a particulate 
colored resin and a particulate adhesive resin dispersed in a medium, the particulate adhesive colored resin, particulate 
colored resin and particulate adhesive resin each having a particle diameter distribution such that the amount of par- 

25 tides having a particle diameter of from 2 nm to 20 ^im is not less than 70% by weight of all the particles. Since the 
ink composition of the present invention includes a particulate material that can little penetrate into paper and can 
satisfy both a good rubber-erasability and a good fretting resistance, a rubber-erasable aqueous inkfor a writing rinatertal 
composition can be provided which gives writing on paper that can be easily erased by an eraser but can exhibit a 
good preservability such that it cannot be erased even when normally rubbed with finger or paper Further, writing 

30 materials including the rubber-erasable aqueous ink for a writing material composition incorporated therein can be 
provided. 

[0341] Further, the ink composition including a particulate adhesive colored resin and a particulate thermoplastic 
resin or a particulate thermoplastic colored resin and a particulate adhesive resin dispersed in a medium can provide 
a rubber-erasable aqueous ink for a writing material composition having a permanent fixability which gives writing that 
35 can be easily erased by an eraser as mentioned above but when heated, cannot be erased by an eraser and writing 
materials including such a rubber-erasable aqueous ink for a writing material composition incorporated therein. 

Claims 

40 

1 . A rubber-erasable aqueous ink for a writing material composition comprising water, a water-soluble polar solvent, 
and a particutate adhesive colored resin comprising a pigment and an adhesive resin which is ac^esive on at least 
a part of a surface thereof, the particulate adhesive colored resin having a particle diameter 

the amount of particles having a particle diameter of from 2 ^m to 20 ^m is not less than 70% by weight of all the 
45 particles. 

2. The rubber-erasable aqueous ink fota writing material composition according to claim 1 . wherein the amount of 
the particulate adhesive colored resin is contained in the njbber-erasable aqueous ink in an amount of from 5 to 
35%byweighL 

so ■■■ ■ •■ _ " , / . ' . : ■■ 

3. The rubber-erasable aqueous ink for a writing material conripositbn according to claim 1 . wherein the weight ratio 
• of the adhesive resin to the pigment constituting the particulate.adhesive colored resin is from 2 ; 1 to 40 : 1 , 

, 4.; The rubber-erasable aqueous ink for a writing rnaterial cornpdsition accordingloclairiri7y*rtierein^^t^^^ 
55 adhesive cotored resin is prepared by suspenison polymerization methc^^ 

S. The rubber-erasabi aqueous ink f r a writing ririaterial composition according to claim 4, wherein the particulate / 
adhesive colored r sin prepared by suspension polymerization method includes a polymerized adhesive resin 
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having a crosslinked struct ur including a radical-poly merizable nrranofunctional monomer and a polyfunctional 
monomer, the weight ratio of th polyfunctional monomer to th monofunctional monomer being from 2 : 100 to 
10: 100. 



5 6. The rubber-erasabl aqueous ink for a writing material composition according to claim 1 . wherein the particulate 
adh sive color d resin exhibits a glass transition temperatur of low r than 40°C. 

7. The rubber-erasable aqueous ink for a writing material composition according to claim 1 , wherein the particulate 
adhesive colored resin includes a pigment substantially homogeneously dispersed in an adhesive resin. 

10 

8. The rubber-erasable aqueous Ink for a writing material composition according to claim 1 , wherein the particulate 
adhesive coksred resin, when applied to and dried on a paper, is point-bonded to the surface of paper in such an 
arrangement that the varbus adhesive cobred resin particles are present independently of each other or scattered. 

IS 9. The rubber-erasable aqueous ink for a writing material composition according to clairn 1 , including a particulate 
thermoplastic resin having a particle diameter distribution such that the amount of jsarticles having a particle di- 
ameter of from 2 ^m to 20 pm is not less than 70% by weight of all the partbles. 

10. The rubber-erasable aqueous ink tor a writing material composition according toclaim 9, wherein the particulate 
20 thermoplastic resin exhibits a softening point of from 60°C to 180"C and a melt flow index (m) of from 0.1 to 30. 

11. The rubber-eras^te aqueous ink for a writing material composition according to claim 9. wherein the particulate 
thermoplastic resin is a particulate material prepared by subjecting a radical-polymerizable monomer to polymer- 
ization selected from the group consisting of suspension polymerization, dispersion polymerizatbn and seed po- 

2S lymerization or a particulate material obtained by grinding a particulate thermoplastic resin in a grinding process. 

12. The rubber-erasable aqueous ink for a writing material composition according to claim 9, wherein the particulate 
adhesive colored resin and the particulate therrroplastk: resin are contained in an amount of from 5 to 30% by 
weight and from 1 to 15% by weight, respectively, the weight ratio of the particulate adhesive colored resin to the 

30 particulate thermoplastic resin being from 100 : 2 to 100 : 50, 

1 3. The rubber-erasable aqueous ink for a writing material composition according to claim 9. wherein the particulate 
adhesive colored resin, when applied to and dried on a paper, is present in such an arrangement that particles are 
point-bonded to each other and to the surface of paper, and the particulate thermoplastic resin, when heated, melts 

35 to fix the writing to the surface of paper. 

14. A rubber-erasable aqueous ink for a writing material composition comprising a particulate adhesive resin, water, 
a water-soluble polar solvent and a particulate colored resin containing a pigment, the particulate colored resin 
and particulate adhesive^sin each having a particlie diameter distribution such that the amount of particles having 

40 a particle diameter of from 2 jim to 20 jim is not less than 70% by weight of all the particles. 

15. The njbbier-erasable aqueous ink for a writing material composition according to claim 14; wherein the partfculate 
: colored iresin is a particulate material obtained by subjecting a polymerizable composition including at least a 

pigment and a radk:al-potymerizable monomer to polymerizatk^ under suspensbn polymerization conditions. 

4S . '■, . ■' \ / ^ ■'■ ' ; " ' ' ' ' / ' ■ ^•' -. 

16. The rubber-erasable aqueous Ink for a writing rnaterial composition according to claim 14, wherein the particulate 
colored resin is a particulate material obtained by a process which includes melt-mixing a resin and a pigment, 
and then grinding the mixture in a grinding process. 

so 17. The rubber-erasable aqueoiis Ink for a writing material composition according to claim 1 5, wherein the weight ratio 
of the resiri to the pigment constituting the particulate colored resin is from 2 : 1 to 

^~ — '1 arTha mbberrerasabie aQuebus ink for a writinq.rnaterial com position according t o claim 14, wh erejn the particulate 
adhesive resin is a particulate material prepared by polymerization selected from the group consisting of "suspend 
55 sion polymerization, dispersion polymerization and seed potymerizatnn. 

1 9. The rubber-erasable aqueous ink for a writing rinaterial composition according to claim 14. wherein the partbulate 
colored resin and particulate adhesiv resin are incorporated th rein in an anriount of from 5 to 30% by we^ 
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from 0.5 to 15% by weight r spectivety, and the weight ratio of the particulate colored resin to the particulate 
adhesive resin is from 100 : 2 to 100 : 200. 

20, The rubber-erasable aqueous ink for a writing material composition according to claim 1 4. wherein th particulate 
5 adhesive colored resin, when applied to and dried on a paper, is present in such an arrangement that particles are 

point-bonded to achoth rand to th surfac ofpapec 

21, The rubber-erasable aqueous ink for a writing material composition according to claim 14, wherein the particulate 
colored resin is a particulate cobred thermoplastic resin. 

10 

22, The rubber-erasable aqueous ink for a writing material composition according to claim 21 . wherein the particulate 
colored thermoplastic resin exhibits a softening point of from 60*C to 180*C and a rhelt flow index (Ml) of from 0.1 
to 30. 

IS 23. The rubber-erasable aqueous ink for a writing material composition according to claim 21 . wherein the particulate 
colored resin is a particulate material obtained by subjecting a potymerizable composition including at least a 
pigment and a radical-polymerizable monomer to polymerization under suspension polymerization conditions or 
a particulate material obtained by a process which includes melt*mixing a thermoplastic resin and a pigment, and 
then grinding the mixture in a grinding process. 

20 

24. The rubber-erasable aqueous ink for a writing material composition according to claim 21r wherein the weight ratio 
of the thermoplaatF ''^^'^ pigment constituting the particulate colored thermppilastic resin is from 2 : 1 to 40 : 1 . 

25. The rubber-erasable aqueous ink for a writing material composition according to claim 21 , wherein the particulate 
2S colored thermoplastic resin and particulate adhesive reisin are incorporated therein in an amount of from S to 30% 

by weight and from 0.5 to 1 5% by weight, respectively, and the weight ratio of the particulate colored themfioplastic 
resin to the particulate adhesive resin is from 100 : 2 to 100 : 200. 

26. The rubber-erasable aqueous ink for a writing nr^aterial composition according to any one of claims 21 to 25. wherein 
30 the particulate adhesive cobred resin, when applied to and dried on a paper, is present in such an arrangement 

that particles are point-bonded to each other and to the surface of paper, and the particulate thermoplastic cobred 
resin, when heated, melts to fix the writing to the surface of paper. 

27. A marking pen including a rubber-erasable aqueous ink for a writing material composition according to any one of 
35 claims 1 to 26 incorporated therein. 

28. The rubber-erasable aqueous ink for a writing material composition according to claim 1 , including a shear-thinning 
agent incorporated therein and exhibiting a viscosity of from 25 to 1 60 mPa s (determined at 25'C by nieans of 
an EMD type viscometer) and a shear-thinning index of from 0.1 to 0.7 at 100 rpm. . 

29. The njbt}er*erasable aqueous ink for a writing material composition according to claim 28. wherein including a 
partble diameter distributbn of all the particles contained therein Is such that the amount of particles having a 
particle diameter of from 2 >im to 10 ^m is not less than 60% by weight of all the particles contained therein. 

45 30. The rubber-erasable aqueous ink for a writing material compositbn according to claim 29, further including a 
stabilizer for the particulate colored adhesive resin or particulate adhesi 

31. A ball point pen including a rubber-erasable aqueous ink for a writing material connposftbri for balj point pen ac- 
cording to any one of claims 28 to 30 incorporated therein, 

so ■ .' , ■ ■■ . ' V -^^ 'i-';.- .'^ 

32. The rubber-erasable aqueous ink for a writing nnaterial composition according to claim 14, including a shear^hin- 
ning agent incorporated therein and exhibiting a viscosity of from 25 to 160 mPa s (^^^ 

of an EMO type-viscorneter)-and.a.shear-thinninq_ir»de x of from 0 lOOrpm ' • 
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33. the rubber-erasable aqueous ink for a writing rTiaterial coririposition according to claim 32.^ iricludirig a 

particle diameter distribution of all the partbles contained ther in is such that the amount of particles having a 
partble diameter of from 2 ^ to 10 is not I ss than 80% by weight of all the particles contained therein. 
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34. Th rubber* rasable aqueous ink for a writing material composition according to claim 32. furth r including a 
stabilizer for th particulate cc^red adhesiv resin or particulate adhesive restn incorporated ther in. 

35. A ball point pen including a rubber-erasable aqueous ink for a writing material composition for ball point pen ac- 
5 cording to any one of claims 32 to 34 incorporated therein. 
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